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Dear Mr. Kumar: 

Halliburton NUS was tasked by B & V Waste Science and Technology Corporation under U.S. EPA 
Contract No. 68-W9-0055 to conduct a Site Inspection Prioritization (SIP) for Georgia Power Company, 
Wansley Steam Plant in Roopville, Heard County, Georgia. This study was performed under the 
authorization of the Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCLA) and the Superfund Amendments Reauthorization Act of 1986 (SARA). 

The Georgia Power, Wansley Steam Plant is located in a rural, wooded area east of Highway 27 off of 
Friendship Road along the Carroll County and Heard County line. The geographical coordinates for 
the facility are 33o 24' 48" N latitude and 85° 01' 56" W longitude (Ref. 1). A site location map is 
shown in Figure 1. The climate in the area is characterized by long and moderately hot summers and 
short, mild winters (Ref. 2, p. 1). The average annual precipitation is approximately 50 inches, and the 
net annual rainfall is 8 inches (Ref. 3, pp. 43, 63). The 2-year, 24-hour rainfall is approximately 4 inches 
(Ref. 4, p. 95). 

The Georgia Power, Wansley Steam Plant site is an active coal-fired electric generating plant which is 
approximately 5,225 acres in size (Refs. 5; 6, p. 5). The majority of the site lies in Heard County, 
although portions are located in Carroll County (Ref. 1). A site layout map is shown in Figure 2. The 
facility is owned jointly by Georgia Power Company, Oglethorpe Power Corporation, the Municipal 
Electric Authority of Georgia, and the city of Dalton, Georgia. The plant is operated by Georgia 
Power Company and has been since its inception in 1976 (Ref. 5). The site, which is bounded by 
woods and the Chattahoochee River, consists of a power generating plant, a fly ash and a storage 
water pond, two construction landfills and an inert materials landfill, a coal runoff pond, and a 
retention pond. A facility recreation area is located on the north side of the water storage pond 
(Ref. 6, pp. 5-6). 

A Halliburton Company 10721235 
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Plant operations include generating electricity by boiling water in large tanks (boilers) to generate 
steam which turns turbines. Coal and oil are used as fuel to heat the water (Ref. 7, p. 1). Wastes 
generated at the plant include fly ash from burning coal, washings from boiler cleanings, and waste 
solvents generated from routine maintenance activities (Refs. 7, p. 1; 8, pp. 4-5). The facility at one 
time also utilized PCB transformers but were reportedly changed out with non-PCB-type transformers 
and the former shipped to an authorized disposal facility (Ref. 8, p 3). Waste fly ash and boiler 
cleaner waste, which are not considered hazardous (as per 40 CFR 261.4(b) No. 4), are piped to a large 
unlined lake on site known as the Ash Pond. Waste solvents generated at the site are drummed and 
shipped by licensed waste management companies for disposal or reclamation (Ref. 6, p. 7). Records 
prior to 1980 concerning waste handling practices were not maintained (Ref. 7, p. 1). 

On November 18, 1980, the facility filed a RCRA Part A application as a TSD facility. On August 15, 
1983, its interim status was withdrawn, and the facility was, and is still, classified as a generator 
(Refs. 5, 9, 10). The facility also maintains a state of Georgia NPDES permit to regulate the release of 
water in the retention pond to the Chattahoochee River (Ref. 6, p. 5). A Preliminary Assessment was 
conducted by the Georgia Department of Natural Resources on August 21, 1985 (Ref. 7). A 
subsequent sampling investigation was conducted by EPA FIT 4 during September 1990, during which 
33 environmental samples were collected. These samples included two surface soil, six subsurface soil, 
four groundwater, 10 surface water, and 11 sediment samples. The analytical results from this 
investigation revealed the presence of several metal and two organic compounds from seven 
different source areas. These compounds include, but are not limited to, arsenic, manganese, 
endosulfan, chromium, and thallium (Ref. 6). 

The facility is located in the Northern Piedmont physiographic province (Ref. 11, pp. 3, 9). Underlying 
the facility are up to 150 feet of surficial deposits of residual soil and weathered rock which overlie 
fractured biotite gneiss bedrock of the Sandy Springs Group (Refs. 11, pp. 23, 24, 37, Plates I, Ib; 
12, pp. 8-9). The aquifer of concern is the unconfined residual soil/crystalline rock aquifer system 
(Ref. 13, pp. 12,13). Groundwater is contained within the pore spaces of the surficial deposits and in 
the joints, fractures, and other secondary openings in the bedrock (Ref. 14, p. 7). Hydraulic 
conductivity values for the surficial deposits are estimated to range from 1 x 10-5 to 1 x 10-^ cm/sec 
(Ref. 15, p. 29). The depth to groundwater is highly dependent upon topography and soil thickness 
and ranges from 4 to over 20 feet below land surface (bis) under the facility (Refs. 14, p. 10; 16, 
pp. 8, 14). The direction of groundwater flow is generally toward streams and rivers, perpendicular to 
topographic contour lines (Ref. 12, p. 9). 

Analytical results of groundwater samples indicate the presence of several metal compounds at 
elevated levels. These included barium, beryllium, chromium, cobalt, copper, lead, magnesium, 
manganese, nickel, vanadium, and zinc (Ref. 6, p. 29). Three of these samples were collected from 
temporary monitoring wells installed at strategic locations on site at depths ranging from 4 to 14 feet 
bis. The background sample was collected from an upgradient onsite well at 45 feet bis (Ref. 6, p. 15). 
There are approximately 1,553 individuals within 4 miles of the site who rely on private wells for 
drinking water. The nearest private well is approximately 0.5 mile south of the site (Ref. 1). The 
breakdown of individuals per radius is as follows (based on a topographic house count and a 
multiplier of 2.75 persons per household): 0 to 0.25 mile - 0; 0.25 to 0.5 mile - 14 houses x 2.75, 
39 persons; 0.5 - 1.0 mile - 23 houses x 2.75, 63 persons; 1.0 to 2.0 miles - 110 houses x 2.75, 
302 persons; 2.0 to 3.0 miles - 198 houses x 2.75, 544 persons; 3.0 - 4.0 miles - 220 houses x 2.75, 
605persons(Refs. 1,17). 
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The Georgia Power Wansley Plant has three primary drainage pathways. One, which originates at the 
Ash Pond, exits the pond at its southern side and flows south along a concrete-lined ditch to the 
retention pond southwest of the plant. The retention pond, which also receives cooling water 
discharge from the plant, is drained by an unlined ditch 1,000 feet in length which empties into the 
Chattahoochee River (Ref. 6, p. 9). Another drainage pathway originates at the storage water pond. 
This pond is fed by Yellow Dirt Creek, which flows into its northwest corner, and is drained by Yellow 
Dirt Creek at the eastern end of the pond. From this point, Yellow Dirt Creek flows southward 
1.7 miles before reaching the Chattahoochee River. The southwest corner of the site represents the 
final primary drainage pathway. This area is drained by a small, unnamed tributary of the 
Chattahoochee River. This tributary flows southward between the large construction landfill and the 
inert landfill before reaching the Chattahoochee River approximately 2 miles away. The 
Chattahoochee River flows southward to complete the 15-mile migratory pathway (Refs. 1; 6, p. 9). 
There are no federally designated endangered or threatened species identified along the surface 
water migratory pathway, although the Chattahoochee River is used for recreational fishing 
(Refs. 18,19, 20). The nearest drinking water intake is located 30 miles downstream from the site and 
is owned and operated by the city of LaGrange Water Department (Refs. 19, 20). The flowrate for the 
Chattahoochee River is 3,843 cubic feet per second (cfs) (Ref. 21, p. 147). 

The site inspection conducted by EPA-FIT 4 revealed the presence of arsenic at elevated levels from a 
surface soil sample collected near the Ash Pond. Elevated levels of the pesticides delta-BHC and 
endosulfan sulfate were detected in downgradient sediment samples near the coal run-off pond. 
Eight metals were detected at elevated levels in at least three of six surface water samples collected 
from the confluence of the NPDES stream, the retention pond, and the coal pile runoff pond. These 
metals included aluminum, barium, calcium, iron, manganese, potassium, sodium, and vanadium. At 
the retention pond and at the coal-pile runoff pond, the maximum contamination levels for selenium 
and nickel were exceeded or equaled in respective samples collected from these areas (Ref. 6, 
pp. 32-33). 

There are currently 325 employees at the Georgia Power, Wansley Steam Plant (Ref. 5). There are no 
schools, day-care centers, or terrestrial sensitive environments within 200 feet of the site. Sample 
GP-SS-02, collected from an ash pile at the easternmost portion of the site revealed the presence of 
arsenic (estimated 20 mg/kg) and thallium (2.1 mg/kg). Both of these compounds were detected 
above the Sample Quantitation Limit (SQL). This was the only area wi th known surface 
contamination (Refs. 1; 6, p. 32). 

There are no analytical results available to determine if a release of contaminants to the air has 
occurred, although stacks from the power plant emit smoke on a regular basis. It is possible that 
debris from the ash pile may also become airborne. There are approximately 3,505 people living 
within a 4-mile radius of the site. (0 to 0.25 mile - 0; 0.25 to 0.5 mile - 39; 0.5 to 1.0 mile - 187 
(68x2.75); 1 to 2 miles - 385 (140 x 2.75); 2 to 3 miles - 679 (247 x 2.75); 3 to 4 miles - 2,215 (Refs. 1, 
17,22). There are no sensitive environments within the study area, although the range of several 
federally-designated endangered species, including the Florida panther (Felis concolor coryi), the 
bald eagle (Haliaeetus leucocephalus), the Bachman's warbler (Vermivora bachmanii), and the 
red-cockaded woodpecker (Picoides dendrocopos borealis) include the state of Georgia (Ref. 18). In 
addition, the black-spored quillwart (Isoetes melanospora) is found in Heard County (Ref. 23). 
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Georgia Power, Wansley Steam Plant was evaluated to assess the threat posed to human health and 
the environment and to determine the need for additional investigation. The analytical results 
revealed the presence of several metals at significant levels in groundwater, surface water, and soil 
samples. In addition, pesticides and some organic constituents were also detected in surface water 
and subsurface soil samples at elevated levels. Coal ash consists primarily of silicon, aluminum, iron, 
and calcium. Secondary components include magnesium, potassium, sodium, and titanium. Eastern 
and midwestern coals are also characteristic of high proportions of arsenic, selenium, chromium, and 
vanadium (Ref. 24). The aforementioned metals were among those detected in samples collected in 
and around the Wansley Steam Plant site. Based on this and the threat to the groundwater and 
surface water pathways, further action is recommended for Georgia Power, Wansley Steam Plant. 

Very truly yours, 

HNUS Site Manager 

Jancie S. Hatcher 
BVWST Technical Reviewer 

Hubert Wieland 
BVWST Project Manager 

SP/gwb 

cc: Phil Blackwell 
File 2T38, 6.2 
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SOIL SURVEY OF CARROLL AND HARALSON 
COUNTIES, GEORGIA 

REPORT BY J. F. BROOKS. SOIL CONSERVATION SERVICE 

.SOILS SURVEYED BY J. F. BROOKS. T. X. CR.\BB. AND R. D. WELLS, SOIL CONSERVATION SERVICE 

UNITED ST.VTES DEPARTMENT OF AGRICULTURE IX C00PER.4TI0N WITH THE UNIVERSITY OF GEORGIA. COLLEGE 
OF AGRICULTURE. AGRICULTURAL EXPERI.MENT ST.VTIONS 

C .vr.KOLL-V.ND ILVILVLSOX COUXTIE.S :ue lu the 
mu'tiiern naif of (reorirni on the western bouiularv of 

riie State i nir. i ) . The (..'hattahoociiee IJiver riows aioiiir the 
soiicheasteni boundary. Douglas and Patiidiiiir C'unities 
join these i.onnties oa the ease and separate the two coim­
ties from the iiietropolltau area of Atlanta. 

Sitia A t n t m i v t n t E«p<nM>«t M a t n « 

Figure 1.—Location of Carroll and Haraison Counties in Georgia. 

The total acca ol' (';irroil and Ifaraisou counties is "SO 
si(iuirc miles, or VM.̂ IW acies. ihc tloininantly loamy soils 
iu these counties are mainly roilinL^ but ui [places are iiilly. 

.Most ()f rhe income from larmiiii.'- is from tlie sale ot" 
poultry. li\'estock. and Ih'estock products. Corn, cotton, 
[)lmento [)e[)pers. anti vegetables are grown for sale on a, 
number ot farms. 

Tlie population of the two rounties was 48.775 in 1950 
and 50.'.)94 in I'JfJO. About 00 [lercent of the people live in 
rhe rural areas, l.'arrollton is the largest town and county 
seat of Carroll County, and Buchanan is the county seat 
of Haralson County. 

The climate of the area is characteri/ced by long, mod­
erately liot summers and sliorr. inilcl winters. In sunmier, 
daytime temperatures l)etweeii 85^ and 90° F. areeonmion, 
but the nights are moderately cool. Occasionally the tem­
perature drops to around 15' in winter, but only for short 
[)erio(ls. Precipitation averages abonr 51 inches [ier year. 

^007 This Survey Was Made 
Soil scientists made this survey ro learn what kinds of 

soils are in (Carroll and Haralson ('ounties. where they are 
located, and liow they can be used. 

The soil scientists went into the survey area knowing 
they likely would tiad many soils they had iUready seen 
and periuips some they had not. As tliey traveled over tJie 
two counties, they observed steepness, length, aiid shape of 
slopes; size and speetl of streams: kinds of native plants 
or crops: kinds of rock: and many facts about the soils. 
They dug or bored many holes to expose soil profiles. A 
profile is the sequence of natural layers, or horizons, in a 
soil: it extends from the surface down into parent material 
tiiat has not been changed much by leaching or by the ac­
tion of plant roots. 

The soii scientists made comparisons among the profiles 
they studied, and tliey compared these profiles with those 
ill counties nearby and in places more distant. They classi­
fied and named the soils according to uniform procedures. 



oOIL SURVEY 

The soil series and the soil phase are the categ<.)ries most 
useil in a local sur\'ey. 

.Soils that ha\e inoriles almost alike make up a soil se­
ries. E.\cept for tlld'erenc texture in tiie .r.iirface layer, ail 
riie soils of one series iiave major iiorizons i iiat are similar 
!iL thickness, arraiiiremeiu. aad otiier iniijortant ciiaracter-
i.-fics. Each .-̂ oil series is named for a rown or orher 
:;cjgraj.)inc feature near the place wnere tiuit, soii was rirst 
'.bserved and mapped. .Madison and (.irover. for exaiuple. 
are rhe names of two soil series. .Vll the soils in the United 
.-tates ha ving the same series are essentially aliice in natural 
ruaracteristics. 

.^(MIS of one series can ditler somewiiat in te.xture of rhe 
-urface layer anti in slope, .stoniness. or some other cliarac-
icnsric rhar aiiecrs use of soils by man. Cn the basis of siK'h 
diiferenccs. a .-oil scries is divided into phases. Foi- cx-
iiinpie. .Madison gra\'elly hue sandy loani. - to li percent 
.-lopes, crocied. is 'Uic or several phases within tiie .Nladi^on 
.-t'ries. 

.\frcr ,•! guide f'U- i);i.-.-ir\-iii:j- ,-niu u.niiiiii:' riic SMIIS ii.nl 
. 'relI \\ iiriceii nni. i ::e .-' iii .-.•leiiMsts ' I rew piMiutiane-: i>\ I he 
:udi\iitiial .-oils (III luuial photoii'rapns. Tlic^e i motoLiiapiis 
.siiow wo<jdhunls. Laiildinirs. held l)or(iers. trees, and other 
• leiails rhar grcariy lielp in drawino' smi boundaries aceii-
rateiy. The soil map in tiie back of this ;iir\ey was prc-
p.-ireii from aerial piiotograplis. 

I'he areas shown on a s(;il map are called mapping units. 
()u most maps derailed enough to be useful m piamiiiig 
maiunreineiit of farms aiid hehls, a ina[)[)ing unit is nearly 
ecpiivaleut to a ;o.il phase. Ir is nor. exacrly c([Uivalenr. be­
cause it is not practical to show on such a mai)all the small, 
scattereti bits of .-oil <if some other kind that liavo been seen 
within'an area-tiiat is tlominantly of a recognized soil 
pha.se. 

.Some mapping units are made-up of .soils in a series 
rhat have ditl'erent textures in rlieir surface layer. In 
(.".arroil and Plaraison Counties, (^)llgaree soils are a map­
ping unit of this kiiul that is cailed an undirt'erentiated 
izroup. In this group each of rhe CoiiL'̂ arce >oiis iiaving a 
different texture could be mappe<l indi^-idiially, i;ut ail of 
rhem arc mapped us one imir because, for rhe purpose of 
the survey, there is no value in .se()arariiig them. The ))at-
terii aiul proportion of the soils are not uniform. Another 
iinditferontiated croup in tlie surv"ey is-(Chewacla soils, 
f requeue ly+loodedr 

In most places surveyed rliere ;ire areas wiiere rhe soii 
material is so rocky, so shalhnv. or so se^"ereiy eroded that 
it caimor be ciassitied by soil series. Tliese areas are shown 
on the'soil map and are described in rhe survey, but they 
are called land rypes and are given descriptive names, 
(riillied land is rhe only land rype inappe<;l in Carroll and 
Haralson tjiinties. 

Wiile a soil survey is in progress, samples of soils are 
taken, as needed, for laboratory measuremenrs and for en­
gineering tests. Data on yields of crops under defined prac­
tices are assembled from farm records and from field or 
plot e.xperiments on the same Icind of soils. Yields under 
defined management are estimated for ;ill the soils. 

But only part of a sell survey is done when the soils have 
been named, described: and delineated on the map. and 
the laboratory data and yield dara have i)een assembled. 
The mass of derailed information rlien needs to be orira-

iiized iu a way that it is readily useful to ditferent groups 
of readers, among them farmers, managers of wooclilands, 
'.'iiffineers, and homeowners. 

I )n the Ijasis of yield and practice rabies and other data, 
(lie soil scientists sec up trial irroups. They test these groups 
by further sriidy and by consiiiration with farmers, agron­
omists, ciiiriiicers. and others, and they rhen adjust tiic 

-roups aec<n'(.liiig to tiie resuhs (jf their studies and consul­
tation. Thus, the groups tliat are finally evolved reflect 
up-to-<late knowledge of rhe soils and their behavior uiuler 
|)resenc methods of use and iiianaii-ement. 

General Soil Map 
The general soil map at the liack of this survey shows, in 

•"ior. rhe siui as.-^oclations in Carroll and Haralson (,'oun-
(ies. .V soil association is a landscape rhat has a distincti\-o 
pruporrional p.itrorn of soils, k normally <-oiisists of one 
' u- more maior suils and ar least one minor soil, and it is 
u.imcd f'ii- Mie maim- siuis. Tlic smis in one association ma\-
."•'•ur 111 aiiofiier. ijiit in a diit'crciii pattern. 

.V map ^howiiur si.ul associations is u.sefid to people wiio 
want a ^^eiierai itiea of the soils in an area, who want to 
.oiiipare <lirf'ereiic [)arts of an area, or who want to know 
rhe location c>f l.irge tracts rli.ar are suitable for a certain 
kind of farming or other laiul use. Such a map is not suit­
able for plaiiniiig the management of a farm or field, or for 
choosimr the site for a building or other structure, because 
the soiis in any one association ordinarily differ in slope, 
depth, stoiriness. drainage, and other characteristics that 
.1 ffect management. 

.Soil -ti.ssociations and delineations on tho general soil 
map in this soil surv'ey do not fully agree with those of the 
geneKil soil maps in adjacent counties published at a differ­
ent "date. Differences in the maps are the result of improve­
ments in the classification of soils, particularly m the 
modifictirions or refinements in soil series concepts. In addi-
rioii. more precise and detailed maps are needetl because riic 
uses of the general soil maps have e.xpanded in recent years. 
The more modern maps meet this need. Still another differ­

ence is caused by the range in slope that is permitted withii; 
as.sociations in differenc surveys. 

Of the II soil associations in Carroll and Haralsoi. 
(Coimties, two consist of nearly le\ei soils on bottom luncit 
;md low stream terraces; rive consist of gently sloping 
and moderately sloping soils of uplands: and four consist 
of strongly sloping and steef) soilsof uplands. Tliese asso­
ciations are described in the following pages. 

Nearly Level Soils on Bottom Lands and 
Low Stream Terraces 

The soiis omthe bottom lands are loamy or sandy ant 
generally are mottled with brown and gray. They an 
neariy !c\-ei and lie along rhe Little Tallapoosa and Talla 
[loosa Rivers and along major creeks. Soils of the Iov. 
terraces are mostly loamy or clayey and mottled •vvith olivi 
gray, yellowish brown, or gray. They are chiefly along thi 
oTiter edges of the major alluvial plains. Two association: 
in Carroll and Haralson Counties are on bottom lands ant 
low terraces. 
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1. C h e w a c i a - . A u g u s t a a s s o c i a t i o n 

.SomeLv/iut poorrif d ra ined , near ly level -ioiU on irenuentcu 
flooded hottom- lands iind on low s t ream terraces 

This association is ciiaracterized by nearly level soils on 
broad to nar row bottom lands aloiiir s t reams and a round 
iieadb of d ra inageways . s t r e a m ciianneis are snal low. to r 
[.hey are paixly rilled wit'a sediment wild (.lebris. Tiiey 
meander in many places and overriow freouentiv. Tliis as­
sociation occupies aljotit S percent of the two counties. 

Tho Ciiewacia soils maKe up aijout So percent of th is 
associat ion; tiie . Imrus ta soiis. about 5 percent : and minor 
soils, the remaininsr 1- percent. 

Chewacla soils occupy the first bottoms aloiiir srreams. 
Tiiese .•̂ 31 is have a dark-brown silt loam surface layer about 

8 inches thick. The subsoil extends to a de[)th of aljoiic 4(i 
inches o r more and consists of l ight o l i \e -brown silt loam 
iinderi-ain by ol ive-gray sandy clay loam. The siii)soil 
is mot t led in tiie uppe r pa r t and is irleyed in the hnver par t , 
("howaci.'i soils formed in rccenr al!u\-!i!m ile()osircd by riic 
frequent tloods. 

.Vuiiusta .-nils ')C'.-ur on low stream terraces in aiul a round 
; lie iieaiis "f '([•aiiiaL''cwa\-.-. I'iicsc -'iiis iia\'i> :i 'ciric LTtn-
:-ii-i)rown i"aiii .-urface civ'cr ;ioniir ;.' iucncs niii^i^. i'!ic 
•^ubsoii exteiuis ro a ue[)rh nf abi.nir 7i! inciies aiui is paie-
"l ive. iiirlit olive-Lrray. and yellowisii-brown saiuly clay 
loam in tne iipiier pa i t and iiiainly ligiit-gray and ycilow­
ish-brown clay loam in rlie lower [laiT. The siiosoil is 
mott led throuiriiout. Augusta soils formed in ohl a l luvium. 

Minor soils in this associtition are the WorslKim. Con­
garee. Buncombe, ami i l a s ada . The W'orsiiam soiis are 
on s t ream terraces and are pooriy drained. .Masada soils 
occupy higher s t ream terraces and are well drainet l to mod­
erate ly well drainetl . The well dra ined Congtiree and ex­
cessively (Irained Buncombe soils are on first Ijottoms. 

Tli is association is widely dis tr ibuted t h roughou t rhe 
counties and is a p a r t of most farms. Most of the acreage 
has been cleared and is cultivated or pastured. T h e ma io r 
soiis a re suited to many locally grown cro[)s. sucii as corn, 
irrain sorghum, fescue, dallisirrass. and white clover. In 
iiKUiv phu.'es excavation of stream chaniu'ls aiul ditchiiui- to 
impro\ 'e d ra inage are re(iuired before cul t ivated crops can 
be grf)wti. ['"xcefjc in the wcrrer spors. t i l th is ireueraily 
good. 

Because of the Hooding hazard , tlie major soils in fliis 
association have severe l imitations if used for liomesires, 
intensiv'e [)iay areas, sites for ligrhc industr ies , ami traffic-
ways. Oxida t ion ponds can lie bui l t only in areas rhat are 
near the base of up l and slopes ami are not severely fioodetl. 
and even in these areas there is a moderate l imitat ion be­
cause of the moderate permeabil i ty of the dominanr soiis. 

2. C o n g a r e e - B u n c o m b e a s soc i a t i on 

Wel l -dra ined to p:r.ccs.<iirely dra ined, nearly l en ' l so lh on 
Infreqaent ly flooded bottom lund.i 

T h i s association consists of near ly level soils on broad ro 
iiarro\\ ' borroni lands and around rlic heads of draimiore-
ways. The s treams seldom overriow. and the i r channels 
have lit t le sediment or debris. Th i s association occupies 
abou t : : percent of the two counties. 

The Congaree soiis make up about S5 percent of this 
a.ssociation; the Buncombe soils, about 10 percen t : and 
minor soils, the remaining 5 percent. 

("oiiiraree S')iis a re wcil ilraineii. I h e y aro on rirst bot­
toms and a round the heads of draii ia:reways. I'hese soiis 
iiave a reddis l i -brown rine sandy loam surface layer about 
1(J inciies thick, i t is unde r l a in by darK-i)rown sandy loam 
rhat is over roddisii-iu-own rine sandy loam. I n some places 
'jiv.w mott les ociair below a d e p t h of '-'lO inches. Congaree 
s.iiis fomiea in recent a l luv ium a long s t reams and 
' I ra inageways . 

buincomije smis arc on rirsr liorroms -AIHI are e.xce.ssively 
i lrained. These soils have a d.iric yeilowisi i-brown loamy 
-ami surface lavcr aijoiit 1̂ ; inciies thick. I t is under la in by 
layers of loamy sand tha t are yeilowisii brown, da rk 
brown, and tlark ypilowisii brown, i'liincombe soiis formeil 
ill recent sandy a l luv ium. 

.Minor siuis in this associarion are rhe (.'liewacia. These 
.-')iis are in fairly large areas alon<r sri-eanis and dra inage-
wavs. ( 'hewacla .soils are somewhat poor ly rlrained and fre-
ipienrlv flooded. 

Th i s associarion is widely disrribiired rhroiiiriiout rlie 
rwf> counries and is a small [larc of many farms. .Most of 
rhe acreaire iias iiecn i-leared and is '•iilrivared oi- pastured. 
r'ac siuis are riiited io inan\ ' lni^;ili\- giviwii crops, such as 

••'<v]\ I liir. •-':. i:iain s(i|-L''iniiii. m-nniK.taLrra.-s. lall fescue. 
• imlisii-fa^-.-. .lilll vcMiii' .•i'lccc. .V;i ,inuii(i:iur .-'lurcc oi irri-
i;:irioil water î  available iii iiearijy -ireaiii>. I i l rh is irooii. 
;iiid cxcepr d i inmr the wcrrer [leriods. the soils can be 
•.vorivcd easilv. 

Figure :?.—Plantingr corn on the Conifaree-Bunconibe soii associa­
tion. 

Because of tlie Hood hazard , the major .soils in this as­
sociation have severe l imi ta t ions if used for homesires. 
l amps i t es . intensive play areas . :,ires for light industries, 
and traffic ways. 

Gently Sloping^ and Moderately Sloping- Soils 
of the L'plands 

In five soil associations rho soils are gent ly s loping and 
moderately s loping and occur chiefly on r idgetops aiul in-
ters t ream <livitle.s. Slopes genera l ly r:iiige from 1 ro 10 
percent. These soils are t lominant ly yellowish brown to 
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jniarm. u.̂ es and the chief iimiiina -properties—('"ontinued 
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t icnic arca-s 

Recreation—Continued 

Iniensive piay arena Oolf fairwavs 

Light industries TraflScways 

• louoraio; 10 to •Jo 
cTcen t siotjes. 

•rcveri:: iO to ' i j perueiu 
ilooes. 

"loderuie lo severe; 10 
to '25 (jercent slopes. 

•levere; 10 to '25 percent 
slopes. 

Moderate: 10 to 25 
pereenc siopes. 

.^iii4ht. 

Moderate; 10 to 15 
percent slopes. 

.Moderate; l.j to '25 
jiercent slopes. 

.Moderate; coarse 
fragments. 

;ijvere; .seasonal hiijh 
.later taule; 
:'.:j'ja iiazaru. 

Severe; d to 10 percent 
slopes. 

Severe; 10 to 15 percent 
slopes. 

.Severe; 15 to 25 percent 
slopes. 

Severe; 2 to 5 feet to 
hard rock; coarse 
fraeraents. 

Severe; S'jasonal hiiiii 
ivaier table; 
;!ood iuciaru. 

Moderate; ti to 10 
percent slopes. 

Moderate; 10 to 15 
percent slopes. 

Severe: 15 to 25 percent 
slopes. 

Severe; 2 to ;") feet to 
hard rocK. 

Severe; seasonal hii;h 
water table: 
tlood liarzaru. 

Modera te : shallow to 
soi l rocK. 

Severe: shallow to 
soit rock; 10 to 15 
percent slopes. 

Severe; shaUow to soft 
rock; 15 to 25 
percent slopes. 

Severe: 2 to 6 feet to 
hard rock. 

Severe: tiood hazard 

Moderate : fair traific-
support ine capaci ty; 
shallow to soft rock. 

-Moderate: fair traific-
siipportine capaci ty; 
shallow to soft rocic. 

.^Ioderate: fair traffic-
supportini? capacity; 
shallow to soft rocic. 

Severe: 2 to 5 feet to 
hard rock. 

Severe; tiood hazard; 
[)oor tratfic-supporcing 
capacity. 

uai material; that is. material weathered from the uniler-
lying rock. 

.According to a geologic map of Georgia i'.?), about S5 
percent of the two counties is underlain by biotite gneiss 
and schist, phyllite, Ashland mica schist, and Wedowee 
schist. The main residual soils that were derived from 
these rocks are in the Madison. Grover. Louisa. Talla­
poosa, and Hulett series. Most of these soils are highly 
micaceous. 

The remaining lij percent of the two counties is under­
lain by Augen gneiss, granite gneiss, and hornblende 
gneiss. The principal soils that were derived from these 
rocks are the Davidson and Musella. The clay in these 
soils is kaolinitic. 

.•^oils that formed in alluvium occupy 12 percent of the 
two <.'ouniies. These soils are mainly alone larcrer streams. 
In about '•'> percent of the survey area the soils formed 
in old alluvium, and in the remaining '..» percent they 
formed in recent alluvium, i luch of the alluvium orig­
inated from rocks in the nearby uplands, but some of I t 
was derived from the granitic and metamorphic rocks of 
the mountains to the northeast. 

The soils on the flood plains are forming in recent al­
luvium and show little profile development. They are still 
receiving deposits. The principal soils that are forming 
in recent alluvium are the Buncombe, Congaree. and 
Chewacla. 

The soils of the stream terraces formed in old alluvium 
and have distinct horizons. Some of the stream terraces 
are in the Hood plain, but others are as high as uO feet 
above the flood plain. The principal soils that formed in 
old alluvium are the Masada. Augusta, and Worsham. 

Relief 
Relief, or shape of the landscape, affects soil formation 

through its influence on drainage, erosion, plant cover, 
and soil temperature. In this area relief is largely deter­

mined by the kind of bedrock imderiying tiie soils, by the 
geoioiry of the area, and by tiie dissection by streams. The 
relief in these two counties is gently rolling to hilly and 
includes narrow stream valleys. 

The soils of the survey area liave slopes of 0 to 40 per­
cent. Soils of the uplands that have slopes of less than 15 
percent are generally tliicker and have more distinct 
horizons than more strongly sloping soils. From soils that 
have slopes of 15 to 40 percent, geologic erosion removes 
soil material almost as fast as it is weathered. .;Vs a result, 
most strongly sloping to steep soils have a thin root zone. 
Louisa, Louisburg, Wilkes, and ^lusella soils are of this 
kind. 

The uplands range from 1,000 to 1.600 feet above sea. 
level, and the bottom lands range from 700 to 1,000 feet. 
Partly because of this range in elevation and the many 
brandling tlrainageways, drainage is good in most upland 
areas. Excess water moves into the drainage channels 
rapidly and is removed quickly. 

Climate 
Climate, as a factor of soil formation, affects the physi­

cal, chemical, and biological relationships in the soii pro­
file, primarily through the influence of precipitation and 
temperature. 

Temperature and rainfall have much to do with the 
r.ates that rocks weather and minerals decompose. They 
also influence leaching and transporting of minerals and 
organic matter through the soil profile. The amount of 
water that percolates through the soil at a given point 
depends on rainfall, relative humidity, length of the 
frost-free pericKl. soil permeability, and physiographic 
position. Climate, therefore, tlirectly afi'ects the accumu­
lation of parent material and the differentiation of 
horizons. The effects of climate indirectly control the kinds 
of plants and animals that can thrive in a region. 
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The climate of Carroll and Haraison Counties is of the 
humid, warm-temperature, continental type that is char­
acteristic of the southeastem part of the United States. Li 
this type of climate, the soiis are moist much of the time 
from iJecember 1 through August 31. They are nioderately 
'Iry much of the time from September 1 through Xovem-
'r;er 30. The surface layer is frozen only a few days each 
year, and then only to a depth of 1 to 3 inciies. 

Because the climate is unilorm throughout the two coun­
ties. It has not caused major local differences among tiie 
.soils. It has tended to cause similarities, even among soils 
developed from different kinds of parent material. As ex­
pected in this type of climate, most of the soils in the area 
;iro iiighly weathered, leached, strongly acid, and low in 
natural fertility. 

P l a n t and animal life 
The kinds and number of plants and animals that live on 

and in tlie soil are. in large part, determined by the climate 
and, to varying degrees, by the parent material, relief; and 
time I age of the soil). Bactena, fungi, and other micro-
oriranisms :iid in weathering rock and docomnosiuir or-
LT-.inic :natrer. Tliey are important ciiieriy in iiorizon liif-
I'erentiation. and to a lesser aegree in the accumulation of 
soil parent materials. Among the changes caused by living 
organisms are gains in organic matter and nitrogen in the 
soil, gams or losses in plant nutrients, and changes in struc­
ture and porosity. 

The larger plants fumish organic matter. Tliey also 
transfer elements from the subsoil to the surface soil bv 
assimilating-those elements into their tissue and then de­
positing this tissue on the soil surface as fallen fruit, 
leaves, and stems. Wlien trees are uprooted, soil material 
is carried to the surface by the upturned roots. Earth­
worms and other small invertebrates carry on a slow but 
continual cycle of soil mixing. The fungi and other micro­
organisms that live in the soil are most numerous in the 
upper few inches of the profile. 

Before 1800, the uplands of the survey area were 
covered .by forests. The forests consisted mainly of oak 
Imd hickory but included a few pines. The soils of the first 
bottoms were generally in yellow-poplar, gum. ash. oak. 
willow, and beech. Most of the area was cleared and culti­
vated at a later time, but much of it is now in pines. 

Man is important to the future direction and rate of 
development of the soils because he clears the forests, culti-
vj,tes the soils^ and introduces new kinds of plants."Few 
results of these activities can yet be seen, except for a sharp 
reduction in .the content of organic matter after a few 
months of cultivation and, in sloping, cultivated areas, a 
loss of the. coarser textured surface because of accelerated 
erosion. Some results probably will not be evident for 
many centuries. Xevertheless. the complex of living or­
ganisms affecting soil formation in the survey area has 
Been drasticallv-changed as"a result of man's activity. 

Time . ^ 
Generally a long time is required for a soil to form. The 

length of time that parent materials have been in place, 
therefore, is usually J-eflected in the character of the soil 

"Wliere soil material has been in place for a long time, 
and has approached an eqmlibrium with its environment, 
the soil tends to have well-defined and related horizons. 
Examples of soils of this kind are the Madison, Grover, 

Hulett, and Davidson of the uplands and the Masada. 
-Vugusta. and Worsham of the stream terraces. On the 
riooci plains, the soil material has not been in place long 
cnouffh for a mature profile to develop. The Buncombe, 
Congaree. and Chewacia soils are of this kind. 

Processes of Horizon Differentiation 
•Several processes affected the formation of soil horizons 

in the soiis of Carroll and Haralson Counties. These pro-
';esses are 11) accumulation of organic matter, (2) leach­
ing of bases. (3) formation and translocation of silicate 
'?lay minerals, and (4) oxidation, or reduction, and trans­
fer of iron. In most soUs, more than one of these processes 
have been active in the development of horizons. 

In most of the soils in these counties organic matter has 
accumulated in the upper part of the profile, and a thin 
-VI horizon has formed. This accumtdation is greatest in 
undisturbed areas. After the soii is cleared and cultivated. 
rho losses of organic matter are greater than the gains, and 
in most soils the organic-matter content reaches a low level. 

Leachinc of b.ases has occiirrofi in neariv all of the soils 
':i tiie survev ;ire.a. ."̂ oil scientists liavn irenerally agreed 
rhat leachinfr of bases in soiis keens pace with their release 
in the breakdown of primary minerals of the rocks. Most 
of the soiis arc moderately to strongly leached, and this is 
reflected by the soils in the counties becoming aoid. The 
Iredell and AVilkes soils formed in saprolite of diorites, 
diabase, cliloritic schist, and the like, and are not so de­
pleted of bases as are other soils in the two counties. Re­
action in these soils is about neutral in the horizons below 
the surface horizon. 

In most of the soils in the two counties, the translocation 
of clay minerals has contributed to horizon development. 
This is particularly true for the older soils of the uplands 
and stream terraces. The leached A2 horizons, which are 
above the B horizons, have a granular structure, contain 
more sand and less clay than the B horizons, and generally 
are grayish or brownish. In some places the B horizons 
have accumulations of clay, as indicated by coatings on 
the surfaces of blocky peds. Tliese characteristics reflect 
losses of iron and clay and additions of organic matter. 
"Wliere natural drainage is good, the red or reddish colors 
of the B horizons indicate the oxidation of iron to iron 
oxides. 

Reduction and transfer of iron, a process called gleying, 
is evident in the more poorly drained soils of the survey 
area. The grayish color in the subsoil horizons indicates 
the reduction and loss of iron. In a few soils of this kind 
some of the horizons contain reddish-brown mottles and 
concretions, which indicate a segregation of iron. 

To summarize the more important processes in horizon 
differentiation in the soils of this survey area are the leach­
ing of bases, the translocation of silicate clay, and the 
oxidation or reduction of iron. 

Classification of Soils 
Classification consists of an orderly grouping of defined 

kinds of soils" into classes in a system designed to make it 
easier to remember "soils and their characteristics and in­
terrelationships. Classification also helps to organize and 
apply results of experience and research to areas ranging 
from plots of several acres to tracts covering millions of 
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.-':|uare miles. The denned kinds of soiis are placed in nar­
row classes for use m detailed soil surveys and for 
application of knowledge within farms and rields. The 
!;irg6 number of narrow classes are tiien grouped in pro­
gressively fewer and broader classes in higher catesones 
so tliat information can be applied to larger areas.'such 
.IS countries and continents. 

'Hie current system of classifying soiis was adaoted for 
general use by the National Cooperative Soil Survev in 
1065. Tliis system is under continual study. Koaders inter-
'isted in developments of this system should searcn the lat­
est literature available (J. G]. 

Under the current system of classifying soils 16'). all 
soils are placed in six categories. Beginning with the most 
inclusive, these categories are the order, the suborder, the 
great zroup. the subgroup, the family, and the series. The 
criteria used as a basis for classification in this system are 
(^bsen^able or measurable properties. Tlie properties arc 
'jiiosen so that soils of similar mode of origin arc grouped 
together. 

In table 7 the soil series of Carroll and Haralson (Toun-
r.es are niaceti in some of the classes of the current .svstem. 

The ci:is£es m tiie ciirrcnc ;v.--tom ;!rc oricilv 'iciineti in 
.ho foilowinsr paracraphs. 

ORDER: Ten soil oraers are rocoamized in tiie current 
system. They are Entisois. Vertisols. Inceptisols. Aridisols. 
.Mollisols. Spodosols. ..Alfisols. Ultisols. Oxisois. and Histo-
sois. The properties used to differentiate the soil orders are 
those that tend to give broad climatic groupinir of soils. 
Two exceptions are Entisois and Histosols, which occur in 
many different climates. 

Table 7 shows that the four orders recognized in Carroll 
and Haralson Counties are the Entisois, Inceptisols. Alfi-
sols, and Ultisols. Entisois are recent mineral soils that do 
not have genetic horizons or have only the beginning of 
such horizons. 

Inceptisols are mineral soils in which genetic horizons 
have started to develop. Their name is derived from the 
Latin word mceptwm,. which means beginninir. 

.Vlfisols aro minerals soils that have an illuvial horizon 
in whicli sirmificant amounts of clay minerals have accu-
muiafed and in wliich base saturation is more than 35 per­

cent at a depth of 50 inciies below the top of the clay-
enriched horizon. 

Ultisols are mineral soiis that have a clay-enriched B 
horizon with a base saturation of less tiian 35 percent at a 
ilepth of 50 inches below the top of the clay-enriched hori-
i'-.on. Mineral soils are also Ultisols i i they have a fragipan 
in a clay-enriched horizon that has a base saturation of 
less than 35 percent at a depth of 30 inches below the top 
01 the pan. Most of the soiis in this survey area are Ultisols. 

.SUBORDER; Each order is subdivided into suborders, 
primarily on the basis of those soil characteristics that 
seem to produce classes with the greatest genetic similarity. 
The suDorders narrow the broad climatic range permitted 
in the orders, fhe soil properties used to separate sub­
orders are mainly those that reflect either the presence or 
;ibsence of waterlogging, or soil differences resulting from 
the climate or vegetation. The names of suborders have 
two syllables. The last syllable indicates the order. An ex-
;tinple is L"idult 1 Ud. meaning of humid climates, and ult 
from Ultisol. .Suborders are not given in tabie 7. because 
the last two syllables of the subgroup name the suborder. 

GREAT '^inour. .Soil suborders arc separated into great 
iirouDS accordinir to tlie presence or absence of arenetic 
horizons and the arrangement or these horizons. The 
liorizons used to make separations are those in which clay, 
iron, or iiumus liave accumulated or those that have pans 
that interfere with the growth of roots or the movement 
of water. The features used are the self-mulching proper­
ties of clay, soil temperature, major differences in chemical 
composition (mainly calcium, magnesium, sodium, and 
potassium), and the like. The names of great groups have 
three or four syllables and are made by addfng a prefix 
to the name of the suborder. An example is Hapludult 
(Hapl, meaning simple; ud. for humid; and ult, from 
tn t i son . The great group is not shown separatelv in 
table 7, because it is the last word of the name o i the. 
subgroup. 

StTBGROur: Great groups are subdivided into sub­
groups, one representing the central (typic) segment of 
a group and others, called intergrades. that have proper­
ties of one great group and also one or more properties 
')f another great group, suborder, or order. Subgroups 

T.\BLE 7.—Classijication ot soil series in Carroll and Haralson Counties, Oa., according to the citrrent system ot classification' 

bones Familv Subgroup Order 

.\ueusta 1 Fine-loamy, mixed, thermic 
Buncombe.. ; Mixed, thermic 
Chewacla ! Fine-loamy, mixed, thermic 
Congaree : Fine-loamy, mixed, nonacid. thermic. 
Davidson '. Clayey, kaolinitic. thermic 
Grover Fine-loamy, micaceous, thermic 
Hulett Clayey, kaolinitic, thermic 
Iredell Fine, montmorillonitic. thermic 
Louisa — Loamy, micaceous, thermic, shallow. 
Louisbure Coarse-loamy, mixed, thermic 
-Madison.. Clayey, kaolinitic. thermic 
Masada Fine-loamy, mixed, thermic 
Musella Fine-loamy, mixed, thermic . 
Tallapoosa Loamy, micaceous, thermic, shallow. 
Wilkes Loamy, mi.xed. thermic, shallow 
Worsham Clayey, mixed, thermic 

Aerie Ochraquults ! Ultisols. 
T.vpio Udipsamments- i Entisois. 
.\quic Fluventic Dvstrochrepts • Inceptisois. 
Tvpic Udifluvents | Entisois. 
Rhodic Paleudults I Ultisols. 
Typic Hapludults ; Ultisols. 
Tvpic Hapludults . . - ; Ultisols. 
Vertic Hapludalfs Alfisols. 
Ruptic LTtic'Dvstrochrepts '. Inceptisols. 
Ruptic L'ltic Dvstrochrepts , Inceptisols. 
Tvpic Haoludults Ultisols. 
Tvpic Hapludults Ultisols. 
Typic Rhodudults... .i Ultisols. 
Ochreptic Hapludults : Ultisols. 
Typic Hapludalfs : -A.Ifisols. 
Typic Ochraquults Ultisols. 

' Placement of some series in the current system ot" classification, particularly in families, may change a.s more precise information 
becomes available. 
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may also be made in those instances where soil properties 
intergrade outside of the range of any other great group, 
suborder, or order. The names of subgroups are derived 
by placing one or more adjectives before the name of the 
great group. ^\ji example is Typic HapluduJt (a typical 
Hapludult) . 

F.̂ MiLY. Families are separated within a subgroup 
primarily on the basis of properties important to tne 
growth of plants or behavior of soiis where used for 
imgineering. .:\jnong the properties considered are texture, 
mineralogy, reaction, soil temperature, permeability, thick­
ness of horizons, and consistence. A family name consists 
of a series of adjectives preceding the subgroup name, 
riie adjectives are the class names for texture, mineralogy, 
and so on that are used to designate the family. An ex­
ample is the clayey, kaolinitic. thermic family of some 
Typic Hapludults. 

•SERIES : The series is a group of soils that have major 
iiorizonsthat, except for texture of surface layer, are sim­
ilar in important characteristics and in arrancrement in 
the prorile. Soil series are named for a ireograpliic location 
near the place where that series was rirst oi.iservGci and 
mapped. 

General Nature of the Area 
Discussed in this section for Carroll and Haraison Coun­

ties are organization and settlement, transportation and 
markets, industries, climate, geolosry, physiography, and 
drainage,water supply, and farming. The figures for pop­
ulation and the statistics on farming are from reports of 
the U.S. Bureau of the Census. 

Organization and Settlement 
Carroll County was organized in 1826 and originally 

consisted of all the land between the Chattahoochee River 
on the east, the Alabama State line on the west, and the 
Cherokee Indian Nation on the north. This land was ob­
tained from the Creek Indians by the Treaty of 1825 at 
Indian Springs. Parts of the land have been cut off from 
Carroll County at different times to form Heard, Troup, 
Douglas, and Haraison Counties. 

Haralson County was organized in 1856 from a part 
of Carroll County and land ceded to the U.S. Government 
by the Cherokee Indians. 

Early settlers in this area arrived in the 1820's from the 
eastern part of Georgia and from "Virginia and the Caro-
linas. Early farming consisted of growing corn, wheat, 
and barley and raising cattle, hogs, chickens, and sheep 
for home use or for trading. 

The population of the two counties was 48,775 in 1950 
and 50.994 in 1960. About 60 percent of the population 
is rural. 

Carrollton. the largest town and the county seat of 
Carroll County, had a population of 10.973 in "i960. Bu­
chanan, the county seat of Haralson County, had a popu­
lation of 753 in 1960. Other towns in the survey area are 
Bowdon, Villa Rica, Roopville. Temple. Mount Zion. and 
"Whitesburg in Carroll County and Bremen and Tallapoosa 
in Haralson Countv. 

Transportation and Marlcets 
U.S. Highway No. 78 runs from east to west through 

the area, and U.S. Highwav N"o. 27 runs from north to 
south. State Routes 5, 16, 61, 100. 101, 113, 120, and 166 
also serve the two counties. All of these highways and 
many of the county roads are paved. Most of the other 
roads are surfaced with sandy or gravelly materials and 
are used throughout the year. In the future. Interstate 
Hiffhway No. 20 will roughly parallel U.S. Highway No. 
73 between Atlanta and Birmingham. Ala. 

Two main railroads serve these two counties. The main 
line of one of these railroads runs between Atlanta and 
Birmingham. Ala., and the other runs from Chattanooga, 
Tenn.. to Macon and Columbus. Ga. Bus service is available 
ro and from the towns oi Carrollton, Villa Rica, Temple, 
Bremen, and Tallapoosa. Trucklines serve all the towns. 

Markets for gram, cotton, hay, pulpwood, and lumber 
are available in the area. The State Farmers Market in 
.Vtlanta is an outlet for \Tgctablcs. melons, fruits, and 
other produce. Livestock auction Ijarns are located in Car­
rollton. La (.Trange, -\.tlanta. and Rome. Carrollton has a 
poultiw processiuir plant, '-'t meat nrocessinir plants, and a 
[liant processinir '.iairy products. 

Industries 
Manufacturing is diversified among 70 plants in the 

survey area. Products manufactured or processed in the 
two counties include copper and aluminum wire and cable, 
men's clothing, hosiery, shoes, auto parts, stainless steel 
tubing, latex, chemicals, concrete products, frozen foods, 
meat, dairy, and poultry products, lumber, printed cloth, 
and other textile products. 

In 1964 approximately 9,670 people were employed in 
industry. Textile, garment, and heavy metal plants em­
ployed the most workers. Many of the jobs are filled by 
part-time farmers and people who live in rural areas anci 
commute daily. 

The Climate of Carroll and Haralson Counties ' 
In Carroll and Haralson Counties the climate is influ­

enced by the elevation of the survey area, the higher 
mountains to the north, and the Gulf of Mexico to the 
south. These factors moderate both summer and winter 
temperatures and cause ample precipitation that is usually 
well distributed throughout the year. Table 8 provides 
data on the temperatures and precipitation in these two 
counties. The probabilities of the last freezing tempera­
tures in spring and the first in fall are given in table 9. 

Elevation within the two counties roughlv ranges from 
700 to 1.600 feet above sea level, but the higher mountains 
in the northern part of Georgia are a partial barrier to 
the cold air that flows southward during winter. Because 
of this barrier, the cold air is usually considerably modi­
fied when it reaches the survey area. Freezing occurs early 
in the morning on slightly more than half of the days from 
mid-November to mid-March, but the temperature is as 
low as 20° F . only 10 to 15 times during an average win-

^ Prepared hy HORACE S. CAETEB, Sta te climatologist, U.S. 
IVeatlier Utireau. .A.thens. Ga. 
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;r. Temperatures below zero iiave been observed in the 
orthem part of Haraison County but are very rare in 
ae southern part of Carroll County. The hilly terrain 
fcen causes large differences in minimum temperatures 
.itnin short distances. On clear, still nisiits. air cooied by 
.idiation drains down the hUls into valleys and other low 
.reas and collects in pockets of cold air. The extreme inmi-
:ium temperature in the valleys may be 10° to 15^ lower 
nan that on the surrounding slopes. Cold pockets of air 
.re imporxant in the selection of sites for certain crops 
nd orchards and in scheduling sprmg planting. 

The freeze-free growing period normally extends from 
•ariy m April to late in October and averages slichtiy more 
iian -00 days. The length of this period varies consider-
uly between the northern part of Haralson County and 
ne southern part of Carroll County. I t also varies con-
•iderabiy according io local terrain and exposure. 

In this survey area summer temperatures are more 
pleasant than those in lower areas to the south and 
east. Temperatures in the afternoon reach or exceed 
V0° on about half of the days in June, July, and August. 
A temperature of 100°. however, occurs in only about 1 
year in 5. Because of elevation, temperatures are even 
more comfortable at night. Eariy in the moming the 
temperature is usually in the sixties throughout tbe sum­
mer. The average minimum temperature for the three 
months in summer is slightly higher than 65*̂ . 

Precipitation averages about 51 inches per year. Usually 
rhe wettest period is eariy in spring, and the driest is in 
fall. March is the only month that averages more than 
i; inches, and only October averages less than 3 inches. 
Precipitation during the cool period is usually associated 
with large, low-pressure storm centers and weather fronts. 
Slow-moving air masses sometimes bring prolonged 

T.vBLE S.—Temperature and precrpilation data tor Carroll and- Harabon f'Jounties, Ga. 

February 
March.. ' 
.Vocil 
-Mav 
•hine. 
..'ulv.. 
.Vueust 

November 
December 

Year 

.Month -Vveraec 
daily 

maximum 
i 

1 " F. 
1 54. 
; .is. 
1 tJ4. 
1 74 
: S2. 

. . .S7. 
S9. 

: .s9. 

- 1)4. 
.^5. 
73. 

2 1 
2 1 
0 1 
6 L 
5 1 
9 1 
2 1 
•> ; 
6 i 
0 i 
0 -• 
4 ; 
0 1 

T'-niperacurc 

-Vvorane 
dailv' 

iiiinimiim 

" F. 
32. 4 
34. 3 
39.7 
48. 6 
r,5. 9 
64. 0 
66. 7 
(i.i. 4 
liO. 1 
4-̂ . 7 
37. 9 
33. 1 
48.9 

2 years in IU will ha 
j.t leaat 4 days with 

Maximum 
lomperaturc 

equal to 
or higher 

t han— 

° ' 
71 
73 
SO 
86 
91 
96 
96 
96 
93 
.-̂ 6 
77 
70 
98 

ve 

Minimum 
1 tempera ture 

.-iqual to 
or lower 
than— 

° F. 

• 

15 
18 
25 
33 
43 
54 
60 
.58 
.50 
31 
23 
17 
12 

.Vverai^e 
monthly 

total 

Incha 
5 .08 
5.29 
6. 08 
5. 38 
3. 33 
3.97 
5. 09 
3. 87 
3. 2S 
2. 20 
3. 25 
4 .51 

.31. 34 

Prccipitalion 

1 year in 10 

Leas t h a n — 

Inclut 
1.9 
2 . 0 
2 . 6 
1.6 
1.0 
2 .0 
2 . 3 
1. 8 
. S 
. S 

1. 1 
1.9 

41 .9 

will have— 

More than— 

Inctu* 
7 .9 
8 .1 
9 .7 
8. 1 
6 .6 
7 .2 
S. 6 
7 .4 
6. 5 
6. 5 
5 .8 
8.9 

62 .8 

T.VBLE 9.—Probabilities of last freezing temperature in spring and first freezing temperature in ja i l 

Probabilitv 
Dates for given probabilitv at temperatures of— 

;4° F. 23° F. 32° F. 

^prlng.• 
1 year in 10 later than..- . _ ' : March 27 
2 years in 10 later than — , March 22 
5 rears in 10 later than . . . March S 

Fall: 
1 year in 10 earlier than — r . . _ November 1 

_2 years in 10 earlier than- _ _.. November 9 
5 years-in 10 earlier than _ _ .; November IS 

i 
April 10 
.March 30 
.March 23 

October 25 
-October 30 
November 4 

April 20 
AprU 14 
AprU 8 

October IS 
October 22 
October 30 
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periods of steady rainfall to the area. In contrast, most 
precipitation during the warm period comes in afternoon 
showers riiat usually do not last lone. But these summer 
showers are sometimes intense and cause considerable ero­
sion. Although the amount of rainfall is generally adequate 
for farmmg and other uses, dry spells of two or more 
weeks occur during most years. Fortunately, these spells 
are more frequent late in summer and in fail after most 
major crops have been harvested. Light snow falls during 
most winters but seldom accumulates on the ground. 

Thunderstorms usually occur on about 50 days a year. 
They may occur during any month but are more frequent 
in spring and summer. Hail and damaging winds occur 
occasionally with some of the more severe storms. 

The average monthly relative humidity ranges from SO 
to 90 percent early in the morning and from 50 to 60 
percent early in the afternoon. Humidity is usually higher 
late in summer and in fall and is lower in spring. 

Tlie prevailinff wind is usually from north to north­
west from fall to spring and is variable to southerly in 
.-:ummer. Average velocity ranges from about 11 miles per 
hour from January througn March to slightly more than 
7 miles per hour in July and August. 

Geology, Physiography, and Drainage 
Carroll and Haraison Counties lie within the Pied­

mont Plateau. About S5 percent of the two counties is 
underlain by schist, phyllite. biotite gneiss, and other 
metamorphic rocks i2) . The remaining 15 percent is under­
lain by Augen gneiss, granite gneiss, hornblende gneiss, 
and other igneous rocks. 

The elevation of the survey area ranges from 700 to 
about 1.600 feet above sea level. One of the highest eleva­
tions is Blackjack Mountain. 1,550 feet. The lowest eleva­
tion is where the Chattahoochee River leaves Carroll 
County. The elevation ranges from 1.000 to 1.600 feet in 
the uplands and from 700 to 1,000 feet in the bottom lands. 
In the bottom lands the soils are nearly level and generally 
narrow. In most of the uplands the soils are gently sloping 
or rolling, but some soils along drainageways are strongly 
sloping. 

The Chattahoochee River flows southwesterly along the 
southeastern edge of Carroll County and drains 25 percent 
of the survey area. The Little Tallapoosa River roughly 
parallels the Chattahoochee River and drains most of 
Carroll County and 40 percent of the total survey area-
The Tallapoosa River flows southwesterly. I t drains the 
largest part of Haralson County and about 35 percent of 
the two counties. 

Water Supply 
The rivers and streams of the survey area are ex­

cellent sources of water fof towns, industries, and irriga­
tion, but on most farms, shallow wells are dug to provide 
water for domestic use. These wells commonly yield 2 to 
5 gallons of water per minute and are less than 60 feet 
deep. Drilled wells are replacing dug wells for many rural 
homes. These drilled wells are commonly 6 or 8 inches in 
diameter and 100 to 250 feet deep. They generally yield 
6 to 10 gallons of water per minute. 

.Vbout 700 farm ponds are in the two counties, and they 
are used for watering livestock and potdtry, for irrigation. 
and for fishing and o^her recreation. 

The water table is generally highest in April and May 
and lowest in October and November. Contrary to popular 
l)eiief, it is not falling each successive year, except in a 
few small areas. A^Hiere the water table falls in a large 
area, this fall probably is caused by a decrease in tlu 
amount of rainfall in the area. 

Farming 
The total land area of Carroll and Haralson Counties 

is 499.200 acres, and of this area. 214.421 acres was in 
farms, according to the 1964 Census of Agriculture. The 
totai number of farms was 1,993. The average-sized farm 
was about 115 acres. Farms averaging 50 acres or less num­
bered 1.161, and farms averaging from 50 to 200 acres per 
farm numbered 70. 

tn recent years a significant change in land use has been 
from crops to pasture, woodland, or homesites. Pulpwood 
companies have acquired 60.191 acres in the area and 
planted die open hind to forest. In 1964. the Bureau of tlie 
C'ensus reported 20.037 acres m crops, 22.331 in improver! 
pasture, and 102.641 acres in woods. 

According to the 1959 Census of Agriculture, there were 
4.065 acres planted to cotton, but according to local sources. 
by 1968 the area in cotton had been reduced to 565 acres. 
The diverted acreage has ben planted largely to improved 
pasture. The principal crop in 1968 was corn, and its area 
was about 10,000 acres. 

According to a count by the local county agents, on 
January 1, 1966. there were 25,700 cattle on farms in Car­
roll and Haralson Counties. 
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rlossary 
.cidity I .see i leaction >. 
u'grejjate. soil. .Man.v nne particles held in a single mass or cluster. 

.•uch as 11 c-lod. crumb. blocL'. or prism, 
iluvium. Soil material , such as sand. silt, or clay, t ha t has iieen 

ileposited on land by streams, 
•.ailable water capacity. The capacity of a soil to hold water in 

;i I'orm available to plants, .-iuiount oi moisture held in -̂ uii 
between neid capacity, or about one-third atmosphere ot ten-
.-.iun. auo the wilting coeificient. or about I J atmospheres ni 
^ension. 

edrocit. The solid rock rhat underlies the soil and other uncon­
solidated material or tha t is exposed a t the surface. 

lay. As a soii separate, the mineral soil particles less than o.uu2 
:uiilimeter in diameter. .Vs a soil textural class, soil mater ial 
^hat is 4U percent or more clay, less than 45 percent sand, and 
less tban 40 percent silt. 

oncretions. Grams, jieilets. or nodules of yarious .sizes, siiapes. 
and colors consisting of concentrations of compounds, or (if 
.some soii grains cemented tosether. The composition of .-nine 
• oncretions i.> unlike tliat ut the surroiindins suil. Calcium 

arbonate and iron oxide arc examples of mater ial commoiiiy 
.'ound in concretions. 

onsistence. soil. The feel of the .-nil and tho fase u i rh whidi a 
'ump can be crushed by the nngers. Terms commonly u.-eu 
••) describe consistence arc— 

. v.si.'.—.V'.ncouerent: wiil not iioiil together in a mass. 
. .--.'iblc.— A'hen moist, crusues ea.-iiy under u'cntie pressure in-.-

:'.ve€n tiiumb and forennser and can be pressed t<ii:etiier 
iLito a lump. 

L"nm.—vviien moist, crushes under moderate pressure l)etween 
;humb ami forennger, but resistance is distincrlv niiriceable. 

i ' lastic.—When wet. readily deformed by moderate pressure but 
can be pressed into a lump: will form a "'.vire' when rolled 
between thumb and forennger. 

Sticky.—When wet. adheres to other material, and tends to 
stretch somewhat and [luU apart, rather ilian to pull free 
from other material . 

Hard.—When dry, moderately resistant to | )ressure: cau ue 

broken with difllculty between thumb and forerinier. 
Soft.—When dry, breaks into powder or individual ;;rains under 

very slight pressure. 
Cemented.—Hard and br i t t le ; little affected by moistening. 

>osion. The wearing away of the land surface by wind, runnin!: 
water, and other geological agents. 

"ertility, soil. The quality of a soil tha t enables it to provide <iiui-
pounds. in adequate amounts and in proper balance, for the 
growth of specirted plants, when other growth factors, such 
as light, moisture, temperature, and the physical condition lur 
t i l th) of the soil, arc favorable, 

irst bottom. Tho normal hood plain of a stream, subject to fre­
quent or occasional flooding. 

lood plain. .Nearly level land, consisting of stream sediments, 
tha t borders a stream and is subject to flooding unless pro­
tected artidcially. 

ragipan. .\ dense, brittle subsurface horizon that is very low in 
organic mat ter and clay but rich in silt or very- tine sand. 
The layer seems to be cemented when it is dry, is hard or 
very hard, and has a high bulk density in comparison with 
the horizon or horizons above it. When moist, the fragipan 
tends to rupture suddenly if pressure is applied, r a the r than 
to deform slowly. The layer is generaUy mottled, is slowly 
or very slowly permeable to water, and has few or many 
bleached fracture planes that form polygons. Fragipans are 
a few inches to several feet thick; they generally occur below 
the B horizon. 15 to 40 inches below the surface, 

rleyed soil. .A. soil in which waterlogging and lack of oxygen have 
caused the material in one or more horizons to be neut ra l gray 
in color. The term "gleyed" is applied to soil horizons witti 
yellow and gray mottles caused by intermittent waterlogging. 

Horizon, soil. A layer of soil, approximately parallel to the sur iace. 
tha t has distinct characteristics produced by soil-forming 
processes. These are the major horizons: 

0 horizon.—The layer of organic mat te r on the surface of a 
mineral soil. This layer consists of decaying plant residues. 

.1 horizon.—The mineral horizon a t the surface or just below 
an (J horizon. This horizon is the one in which living 
organisms are most active and therefore is marked by the 
accumulation of humus. The horizon may have lost one 
or more of soluble salts, clay, and sesquioxides l iron and 
aluminum oxides) . 

U horizon.—The mineral horizon below an .i. horizon. The B 
horizon is in par t a layer of change from the overlying . \ 
to che unuerlying C horizon. The B horizon also has dis­
tinctive character is t ics caused 11) by accumulation of clay, 
.-esquioxides. humus, or some combination of these; t2) 
prismatic or blocky s t ruc tu re : io) redder or stronger colors 
than the A hor izon: or i4) some combination of these. Com-
Ijined A and B horizons are usually called the solum, or 
true soil. If a soil lacks a B horizon, the .A. horizon alone 
is the solum. 

C horizon.— i"he weathered rock mater ia l , or substra tum, imme­
diately beneath the solum. In most soils this mater ia l is 
presumed to be like that from which the overlying horizons 
were formed. If the material is known to be different from 
tha t in the solum, a Roman numeral precedes the let ter O. 

li layer:—'.onsoiidateri rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath an 
.V ur B horizon. 

Igneous rock. liock that has been formed by the cooling of molten 
mineral mater ia l . Examples : Granite, syenite, diorite, and 
;;abbro. 

Infiltration ra te . Tlie rate a t wtiich w.itcr [icnetr.Ttes the surface of 
lhe soii a t any civen instant, usually expressed in inches per 
liuiir. It may uo umited cither by r;ie iniiltratioii capacity of the 
soil or bv tiie rate at which water is applied to the surface 
.<oil. 

Leaching. The removal of soluble mater ia ls from soils or other 
mater ial by percolating water. 

.Metamorphic rock. Rocks of any oricin that have been completely 
changed physically by heat, pressure, and movement. Such 
rocks are nearly always crystalline. 

-Morphology, soii. Tho makeup of the soil, including the texture, 
s t ructure , consistence, color, and other physical, niineralogical, 
and biological properties of the various horizons of the soil 
prolile. 

.Mottled. I r regular ly marked with spots of different colors tha t 
vary in number and size. Mottling in soils usually indicates . , 
poor aerat ion and lack of drainage. Descriptive terms ore as 
follows: .abundance—lew, common, and m a n y ; size—/ine, 
medittm. and coamc : and cont ras t—(t in t , distinct, and promt- -
nent. The size measurements are these : fine, less than 5 mll-
limetei-3 (about 0.2 inch) in diameter along the greatest 
dimension: medium, ranging from "> millimeters to 15 mil­
limeters (about u.2 to O.tj inch) in diameter along the greatest 
dimension: and coarse, more than Id millimeters i about 0.6 
inch) in diameter along the greatest dimension. 

Parent mater ia l . The horizon of weathered rock or part ly weathered 
soil mater ia l from which soil has formed: horizon C in the soil 
protlle. 

Ped. An individual na tu ra l .'•oil aggregate, such as a crumb, a prism, 
or a block, in contrast to a clod. 

Permeabili ty, soii. The quality of a soil horizon tha t enables wate r 
or air to move through it. Terms used to describe permeability 
are as follows: Very slow, slow, moderately slow, moderate, 
moderately rapid, rapid, and very rapid. 

Plowed layer. The soil ordinarily moved in t i l lage; equivalent to 

surface soil. 
Profile, soii. . \ vertical section of the soil through all i ts horizons 

and extending into the parent mater ial . See Horizon, soil. 
Reaction, soil. The-degree of acidity or alkalini ty of a-soil ,-ex­

pressed in pH values and in words as follows : 
pH p B 

Extremely acid Below 4.5 Mildly alkal ine 7.4 to 7.8 
Very strongly acid- 4.o to 5.0 .ModeraTely 
Strongly acid o.l to 5.5 alkaline 7.9 to 8.4 
Medium acid 5.6 to 6.0 Strongly a lka l i ne . - 3.5 to 9.0 
Slightly acid — 6.1 to 6.5 Very- stronsly 
Neutral 6.6 to T.3 alkaline 0.1 and 

-higher 
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HALLIBURTON NUS 
ENVIRONMENTAL CORPORATION TELECON NOTE 

CONTROL NO. 2T38 DATE: 2/26/93 TIME: 1530 

DISTRIBUTION: 

File: (GA Power, Wansley Steam Plant) 

BETWEEN: Don Holder OF: GA Power PHONE: (404)526-7778 

AND: Steve Petrides, Halliburton NUS 

DISCUSSION: 

Mr. Holder updated me with the following information concerning GA Power, Plant Wansley: 

• The plant is still operating and has since 1976 and will continue for another 40 years 

a The number of workers at the site probably hasn't changed that much in the last 3 years and is 
probably still around 325 

a The ownership history has not changed and is still owned jointly by GA Power, Oglethorpe Power 
Municipal Electric Authority of GA and the city of Dalton, Georgia 

a The RCRA status has not changed and is still classified as a generator. 
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EXECUTIVE SUMMARY 

The Georgia Power, Wansley Steam Electric Generating Station is located east of Highway 27 of f of 

Friendship Road along the Carroll County and Heard County border (Figure 1). The plant property 

covers approximately 5,225 acres. 

The plant is currently active and began operations in 1976 (Refs. 1, 2). The plant has always been 

operated by Georgia Power; a l though, the plant is j o in t l y owned by Georgia Power Company, 

Oglethorpe Power Corporat ion, the Municipal Elertric Author i ty of Georgia and the city of Dalton, 

Georgia (Ref. 2). 

The primary objert ive of plant operations is generat ing electricity by boi l ing water in large tanks in 

order to produce steam that turns turbines that generate e lear ic i ty (Ref. 2). Coal and/or oil is used as 

fuel to boil the water (Ref. 2). 

The facil i ty is located w i th in the Piedmont physiographic province. Geologic units tha t underl ie the 

property consist of a surficial residual soil layer rest ing upon crystal l ine bedrock consisting o f 

amphibol i te, hornblende, and biot i te gneisses. The residuum and the underlying crystalline rock 

conta in the unconf ined (surficial) aqu i fer wh ich is the aqu i fe r of concern in the study area. 

Groundwater occurrence in the crystalline rock is l imi ted to secondary porosity openings such as joints 

and frartures; whereas, groundwater w i th in the residuum is present in the intergranular pore spaces 

in the soil. 

The groundwater pathway is of primary concern at Georgia Power. The unconf ined crystalline rock 

aquifer is the aquifer of concern in the study area. Approximately 1,553 residents in the study area 

obtain water from private wells completed in this aquifer. The surface water pathway is also of 

concern because recreational boat ing and fishing are common art ivi t ies in waters onsite (except for 

the Ash Pond and eff luent) and downstream. The onsite exposure pathway is a concern due to the 

number of employees (approximately 325) work ing at the facil i ty. The air exposure pathway is of 

l imited concern due t o the facility's rural sett ing. 

The sampling investigation consisted of the collection of 33 environmental samples: t w o surface soil 

samples, six subsurface soil samples, four groundwater samples, ten surface wa te r samples, and 

eleven sediment samples. 

ES-1 



Organic analysis identified presumptive evidence of the presence of Trichlorotrifluoroethane in 

estimated concentrations in subsurface soils and sediments throughout much of the study area. 

Trichlorotrifluoroethane is a volatile compound that is commonly used as a degreasing solvent and an 

insulating fluid in transformers. Polynuclear aromatic compounds (PNAs) were ident i f ied 

(presumptive and estimated) in sediment samples collerted from the two Coal Pile Run-off Ponds as 

well as the Ash Pond. These may be attributable to creosote from nearby railroad tracks or the coal 

used at the facility. Presumptive evidence of petroleum product was also indicated in sediment 

samples. Also, elevated levels of pesticides were identified in sediment samples collerted from the 

Coal Pile Run-off Ponds as well as in the Ash Pond. 

Inorganic analytes were identified as elevated in surface soils, subsurface soils, groundwater, surface 

water, and sediment samples. Since the groundwater and surface water pathways are of the greatest 

concern in this investigation the most notable findings were identified in groundwater and surface 

water samples. Chromium (7 times control) and lead (12 times control) were detected in the 

groundwater sample collerted near the Ash Pond. Chromium (14 times control) was also deterted in 

a groundwater sample collected near the Cooling Water Retention Pond. Some of the groundwater 

samples collerted during the field investigation contained levels which exceeded the Maximum 

Contaminant Levels (MCLs) for primary drinking water standards for chromium, lead, and nickel. 

Some of the surface water samples collected contained elevated levels of aluminum, barium, calcium, 

iron, manganese, potassium, sodium, and vanadium. Also,Maximum Contamination Levels (MCLs) for 

primary drinking water standards were reached or exceeded for nickel and selenium. 

Considering the number of groundwater targets m the area as well as surface water and onsite 

exposure targets, it is recommended that this facility be evaluated using the HRS (effective March 14, 

1991). 
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1.0 INTRODUCTION 

The HALLIBURTON NUS Environmental Corporation Region 4 Field Investigation Team (FIT) was 

tasked by the U.S. Environmental Protertion Agency (EPA), Waste Management Diyision to condurt a 

Site Inspertion (SI) at the Georgia Power Wansley in Roopville, Heard County, Georgia.. The 

investigation was performed under the authority of the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA) and the Superfund Amendments and 

Reauthorization Art of 1986 (SARA). The task was performed to satisfy the requirements stated in 

Technical Dirertive Document (TDD) number F4-8909-62. The field investigation was condurted the 

weekof September 17, 1990. 

1.1 OBJECTIVES 

The objertives of this inspertion were to determine the nature of contaminants present at the site 

and to determine if a release of these substances has occurred or may occur. Further, this inspertion 

sought to determine the possible pathways by which contamination could migrate from the site and 

the populations and environments it would potentially affect. Through these objectives, a 

recommendation was made regarding future activities at the site. 

1.2 SCOPE OF WORK 

The objectives were achieved through the completion of a number of specific tasks. These activities 

were to: 

a Obtain and review relevant background materials. 

a Obtain information on local water systems. 

a Determine location of and distance to nearest potable well. 

a Evaluate target populations and environments associated with the groundwater, surface 

water, air, and soil exposure pathways. 
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a Develop a site sketch. 

a Collert environmental samples. 
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2.2 SITE DESCRIPTION 

2.2.1 Site Features 

As previously mentioned, the plant property occupies approximately 5,225 acres and employs 

approximately 325 people (Ref. 1). The property is bounded on the northern and western sides by 

wooded areas and the southern and eastern sides by wooded areas and the Chattahoochee River 

(Appendix A). There are two large lakes located approximately one-third of a mile northwest of the 

power plant. These lakes are both elongated southwest to northeast and are separated by an earth 

dike. Both of these lakes are supplied by numerous small feeder streams. The northeastern most of 

these two lakes (known as the Storage Water Pond) is largely supplied water by Yellow Dirt Creek 

which flows into the western end of the northern side of this lake. Yellow Dirt Creek also drains the 

Storage Water Pond at the eastern end. Drainage from this water body empties into the nearby 

Chattahoochee River. The southwestern most lake, known as the Ash Pond, is situated almost due 

west of the power plant and is used for both fly ash disposal and disposal of pretreated boiler 

washings (Appendix A) (Refs. 1; 2; 7). The Ash Pond is basically a closed basin that is equipped with 

an emergency spillway located at the south-central end of the pond (Figure 2). The spillway directs 

overflow water southward via a concrete lined ditch to a retention pond located southwest of the 

plant (Ref. 1). The Retention Pond is unlined and also receives cooling water discharge from the plant 

(Ref. 1). Cooling water enters the Retention Pond from an unlined ditch from the eastern side of the 

pond (Ref. 1). Water from the Retention Pond is released via a NPDES permitted (Permit No. 

GA0024778) unlined ditch into the Chattahoochee River (Refs. 1; 2). Other notable features include 

two landfills that were used for construction debris disposal during building the plant. One of these 

landfills, the Large Construrtion Landfill, is between 4 and 5 acres in size and is located south of the 

Ash Pond (Figure 2, Ref. 1). The other construction landfill, the Small Construrtion Landfill, occupies, 

approximately 1 acre and is located south of the Storage Water Pond (Figure 2) (Ref. 1). Both of the 

construrtion landfills are inartive and were covered with grass in 1980 (Ref. 1). There is a third landfill 

located southeast of the Large Construrtion Landfill (Figure 2). This landfill, known as the Inert 

Landfill, isartiveand has been used for disposal of inert materials since either 1983 or 1984 (Ref. 1). 

There is a large coal pile located just north and adjacent to the power plant (Figure 2). Also, there are 

small unlined precipitation run-off ponds at the southwestern and northeastern ends of the coal pile. 

There are also railroad tracks surrounding the coal pile (Figure 2). 

-5-



2.0 SITE CHARACTERIZATION 

2.1 SITE HISTORY 

The Georgia Power, Wansley Steam Elertric Generating Station is located east of Highway 27 off of 

Friendship Road along the Carroll County and Heard County border (Figure 1). The plant property 

covers approximately 5,225 acres, the majohty of which is located in Heard County; however, there 

areportionsof the property which extend into Carroll County (Appendix A). 

The plant is currently active and began operations in 1976 (Refs. 1, 2). The plant has always been 

operated by Georgia Power; although, the plant is jointly owned by Georgia Power Company, 

Oglethorpe Power Corporation, the Municipal Electric Authority of Georgia and the city of Dalton, 

Georgia (Ref. 2). 

The primary objertive of plant operations is generating elertricity by boiling water in large tanks in 

order to produce steam that turns turbines that generate elertricity (Ref. 2). Coal and/or oil is used as 

fuel to boil the water (Ref. 2). 

Wastes generated at the plant include fly ash from burning coal, washings from boiler cleanings, and 

wastes generated from routine maintenance activities (Refs. 1, 2). Also, the facility at one time 

utilized PCB transformers; however, these were reportedly "changed out" with updated non-PCB 

type transformers and shipped to an authorized disposal facility (Ref. 1). Documentation of waste 

disposal activities (for wastes other than fly ash) prior to 1980 are unavailable (Ref. 2). 

Waste fly ash and the majority of boiler cleaning waste (after neutralization) is pumped via pipeline 

into an unlined large lake known as the Ash Pond (Refs. 1; 2, Appendix A). Since 1980, all hazardous 

waste disposal prartices at the facility have been in compliance with the Georgia Rules for Hazardous 

Waste Management (Ref. 2). 

On November 18, 1980, the Georgia Power, Wansley Steam Elertric Generating Station filed a RCRA 

Part A application (EPA Form 3510-1) as a TSD facility (Ref. 3). On August 15, 1983, the plant 

withdrew the aforementioned RCRA permit in order to be reclassified as a generator only wi th 

interim status (Ref. 4). However, it was later determined that the plant was a protective filer and 

never actually needed Interim Status (Ref. 5). Currently, the facility is still classified as a generator 

only (Refs. 1; 5). 
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2.2.2 Waste Chararteristics 

Wastes generated at the facility include fly ash, boiler cleaning washings, and wastes generated from 

miscellaneous maintenance artivities (primarily painting) (Refs. 2, 3, 7). The vast majority of the waste 

generated at the plant is fly ash. Inorganic constituents of fly ash typically include sodium, calcium, 

magnesium, and iron and may contain various other inorganic ions (Refs. 8; 9). According to 

40 CFR 261.4(b) (No. 4), neither the fly ash waste or the waste generated from boiler cleaning are 

considered to be hazardous wastes (Refs. 10; 11). The types of hazardous wastes handled at the 

power plant, according to the Part A application that the facility filed, include halogenated and 

non-halogenated solvents; carbon disulfide, phosphorothioic acid; acetone, 2-methyl benzenamine 

hydrochloride; 2,6-dinitrotoluene; 1,1,1 trichloroethane, tetrachloroethene; formaldehyde; formic 

acid; hydrofluoric acid; mercury; tetrachloromethane; methanol, phenol; toluene; and methyl ethyl 

ketone (Refs. 10; 11, pp. 405-435; 12). Since 1980, these wastes have been drummed, temporahly 

stored, and shioped to either Chemical Waste Management (ALD000622464) or Safety Kleen 

Corporation (GAD000823070) for disposal or reclamation (Refs. 10; 12). The ash and boiler washings, 

as previously mentioned, are piped to the Ash Pond for disposal (Refs. 1; 2; 7). 
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3.0 REGIONAL POPULATIONS ANO ENVIRONMENTS 

3.1 POPULATION AND LAND USE 

3.1.1 Demography 

The Georgia Power, Wansley Steam Electric Generating Station is located in a rural area in 

northeastern Heard County, Georgia (Appendix A). Population within 0.5 mile is zero, and the 

population within 1 mile is approximately 187 (68 homes x 2.75) (Ref. 13, Appendix A). The respertive 

populations from 1 to 2, 2 to 3, and 3 to 4 miles from the facility are 385 (140 x 2.75), 679 (247 x 2.75), 

and 2,215 (Appendix A, Refs. 13; 14). The total population within 4 miles of the property is 

approximately 3,466 (Appendix A, Refs. 13; 14). The residence nearest the property is located 

approximately 0 5 mile north adjacent to Liberty Church Road (Appendix A). 

3.1.2 Land Use 

The majority of the land surrounding the facility is wooded (Appendix A). Historically, much of this 

area has been utilized for farming; however, pulpwood companies have purchased a significant 

number of these farms and have converted them into forest (Ref. 15, p. 59). There are no schools or 

day-care centers in the vicinity of the power plant, and the nearest communities are present west and 

north of the plant (Appendix A). The only communities within 4 miles of the power plant are 

Glenloch, located approximately 1.5 miles west of plant property, and Lowell, which is located 

approximately 2.5 miles to the north (Appendix A). 

There are no federally-designated endangered species specifically known to be present within the 

study area. However, four federally-designated endangered species; the Florida panther (Felis 

concolor coryi). the bald eagle (Haliaeetus loucocephalus), the Bachman's warbler (Vermivora 

bachmanii). and the red-cockaded woodpecker (Picoides ( = Dendrocopos) borealis); have ranges that 

include the study area (Ref. 16). 



3.2 SURFACE WATER 

3.2.1 Climatology 

The climate in the study area is characterized by long and moderately hot summers and short, mild 

winters (Ref. 15, p. 1). The areas normal annual precipitation is approximately 50 inches; and the net 

annual rainfall is approximately 8 inches (Ref. 17, pp. 43, 63). The 2-year, 24-hour rainfall is 

approximately 4 inches (Ref. 18, p. 95). 

3.2.2 Overland Drainage 

There are three primary drainage pathways exiting the property (Appendix A). One of these 

pathways originates at the Ash Pond. This route allows for overflow to exit the southern side of the 

Ash Pond via a concrete lined ditch. This ditch leads to an unlined retention pond located southwest 

of the power plant. This retention pond also receives cooling water discharge from the power plant. 

The retention pond is drained by an unlined ditch (approximately 1,000 feet in length) which empties 

into the Chattahoochee River (Appendix A; Ref. 1). This pathway is monitored via a NPDES permit 

(Refs. 1;2). 

Another major drainage system at the plant is centered at the Storage Water Pond (Appendix A). This 

pond is fed by Yellow Dirt Creek which flows into the western end of the northern side of this pond 

(Figure 2). This system is also drained by Yellow Dirt Creek at the eastern end of the pond (Figure 2). 

Upon flowing out of the Storage Water Pond, Yellow Dirt Creek flows southward approximately 1.7 

miles before entering the Chattahoochee River (Figure 2). 

The remaining pathway consists of a small tributary of the Chattahoochee River located near the 

southwestern end of the property (Figure 2). This tributary flows between the Large Construrtion 

Landfill and the Inert Landfill (Figure 2). This pathway flows a maximum of 2 miles prior to reaching 

the confluence with the Chattahoochee River (Appendix A). This pathway enters the Chattahoochee 

River at the most downstream point compared to the other two aforementioned pathways (Figure 2). 

From this confluence, the migratory pathway is completed along the Chattahoochee River 

(Appendix A). 

3.2.3 Potentially Afferted Water Bodies 

The only offsite body of water that could potentially be affected is the Chattahoochee River 

(Appendix A). The Chattahoochee River as well as ail onsite surface waters (other than the Ash Pond) 



are utilized for recreational boating and fishing (Refs. 19; 20). The nearest downstream potable 

intake is approximately 30 stream miles away and owned/operated by the city of LaGrange Water 

Department (Ref. 20). There are no federally designated endangered or threatened species identified 

to be present along the surface water migratory pathway (Ref. 16). 

3.3 GROUNDWATER 

3.3.1 Hydrogeology 

The Georgia Power - Plant Wansley facility is located in the Piedmont physiographic province and the 

Piedmont Blue Ridge hydrogeologic setting (Refs. 21, p. 3; 22, pp. 251, 252). The facility is situated 

along the Chattahoochee River in the northeast corner of Heard County. The area is characterized by 

rolling hills with moderate relief. Elevations in the vicinity average approximately 800 feet above 

mean sea level (amsl) (Appendix A). 

The Piedmont province is characterized by massive igneous and metamorphic rocks which have been 

warped and faulted into complex folds and refolded folds by regional stresses (Ref. 23, p. 7). The 

southwestern edge of the Brevard fault zone, a major northeast-southwest trending structural 

feature in the Atlanta area, is located beneath the property (Ref. 23, plate 1). This area is typified by 

crystalline bedrock overlain by a thin veneer residual soil and weathered rock called regolith. 

The crystalline bedrock and weathered rock beneath the Georgia Power - Plant Wansley property 

consists of amphibolite, hornblende, and biotite gneisses (Ref. 21, plates IB West, II). Groundwater in 

this residual soil/crystalline rock aquifer system occupies joints, fractures, and other secondary 

openings in bedrock, and pore spaces of overlying residual materials (Ref. 23, pp. 7, 9). The 

occurrence of water in the crystalline rock aquifer is controlled by these secondary openings. A well 

located approximately 2 miles from the site was reportedly drilled to a depth of 230 feet below land 

surface (bis) and cased to a depth of 46 feet bis (Ref. 23, p. 84) (Appendix A). The well yielded water 

at a rate of 40 gallons per minute (gpm). Depth to groundwater is highly variable dependent upon 

soil thickness and topographic expression (Ref. 23, p. 40). During the field investigation, 

groundwater was encountered as shallow as 4 feet below land surface and is often greater than 

20 feet below land surface (Ref. 25). Groundwater flow in the Piedmont province is usually toward 

the streams and rivers, perpendicular to topographic contour lines and is thus quite variable in 

dirertion. Recharge into the aquifer occurs mamly through rainfall (Ref. 23, p. 9). The hydraulic 

condurtivity for sediments similar to these is approximately 1.0 x 10-5 cm/sec (Ref. 24, p. 29). 
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3.3.2 Aguifer Use 

The aquifer of concern within the study area is the unconfined crystalline rock aquifer. Although 

there are some portions of the study area supplied with municipal water (obtained from surface 

water sources), the majority of residents within the study area rely upon private wells for potable 

water (Refs. 25; 26; Appendix A). A breakdown of the number of residences that utilize wells for 

potable water ih the study area (based on a 2.75 persons per household multiplier) is as follows: 

102(37x2.75) from Oto 1 mile; 302 (110 x 2.75) from 1 to 2 miles; 544 (198 x 2.75) from 2 to 3 miles; 

and 605 (220 x 2.75) from 3 to 4 miles (Ref. 13, Appendix A). There are approximately 

1,553 individuals within 4 miles of the power plant who rely upon private wells for potable water 

(Ref. 13, Appendix A). The nearest private well to the facility is located approximately 0.75 mile south 

(Appendix A). 
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4.0 FIELD INVESTIGATION 

4.1 SAMPLE COLLECTION 

During the field investigation, condurted September 16, 1990, FIT 4 attempted to identify and 

charartehze contaminants which may be present in the environment as a result of artivities that were 

conducted at Georgia Power - Wansley Steam Elertric Generating Plant. To accomplish this, FIT 4 

collerted environmental surface soil, subsurface soil, groundwater, surface water, and sediment 

samples from a number of strategic locations. These locations were selected based on historical 

information, hydrogeological data for the region and site area, and dirert observation at the site. 

4.1.1 Sample Collertion Methodology 

All sample collection, sample preservation, and chain-of-custody procedures used during this 

investigation were in accordance with the standard operating procedures as specified in Sections 3 

and 4 of the Environmental Compliance Branch Standard Operating Procedures and Quality 

Assurance Manual; U.S. Environmental Protection Agency, Region IV, Environmental Services 

Division, February 1, 1991. 

4.1.2 Duplicate Samples 

Duplicate samples were offered to and accepted by Carolyn Kennedy and M.E. Sloop, designated 

representatives of Georgia Power - Wansley Steam Electric Generating Plant. Receipt for sample 

forms are on file at FIT 4. 

4.1.3 Description of Samples and Sample Locations 

During the sampling investigation, a total of 33 environmental samples were collected. All sample 

locations are shown in Figure 3. Sample codes, descriptions, locations, and rationale are contained in 

Tablel. 

Surface soil samples were collected from two sampling points during the field investigation. The 

background surface soil sample GP-SS-Ol was collected from the northern portion of the facility 

property at the employee recreation area (Figure 3) The other surface soil sample GP-SS-02 was 

collected from an ashdelta that had formed in the eajtern-noslicorner of the Ash Pond (Figure 3). 
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TABLE 1 

SAMPLE CODES, DESCRIPTIONS, LOCATIONS, AND RATIONALE 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE. HEARD COUNTY, GEORGIA 

Sample 
Code 

GP-SS-01 

GP-SS-02 

GP-SB-01 

GP-SB-02 

GP-SB-03 

GP-SB-04 

GP-SB-05 

GP-SB-06 

Sample 
Type 

Surface Soil 

Surface Soil 

Subsurface Soil 

Subsurface Soil 

Subsurface Soil 

Subsurface Soil 

Subsurface Soil 

Subsurface Soil 

Location 

Northern portion ofthe property, north 
of the Storage Water Pond at the Facility 
Recreation Area Campground 

Located in the easternmost corner of the 
Ash Pond where ash has accumulated to 
the point of filling in portions of the 
pond 

Collected from the northeastern portion 
of the property, north of the Storage 
Water Pond at the Facility Recreation 
Area Campground (Collerted at 5 feet 
blsd) 

Collected from the northeastern corner 
of the Small Construction Landfill which 
is located northeast of the Power Plant 
main operational area (Collerted 7 feet 
blsd) 

Collerted from the southern side of the 
facility Cooling Water Retention Pond 
which is located almost due south ofthe 
power plant (Collected at 3 feet blsd) 

Collerted downgradient, due south of 
the Inert Landfill which is located south 
of the power plant (Collected 12 feet 
blsd) 

Collerted downgradient, south of the 
Large Construction Landfill which is 
located southwest of the power plant 
(Collected 10 feet blsd) 

Collected adjacent to the easternmost 
corner of the Ash Pond (Collerted at 
7.5 feet blsd) 

Rationale 

Background surface soil 
sample 

Ash sample 

Background subsurface soil 
sample 

To identify the presence or 
absence of subsurface soil 
contamination 
downgradient from the 
landfill 

To identify the presence or 
absence of subsurface soil 
contamination 

To identify the presence or 
absence of subsurface soil 
contamination 
downgradient from the Inert 
Landfill 

To identify the presence or 
absence of subsurface soil 
contamination 
downgradient from the 
Large Construrtion Landfill 

To determine the presence or 
absence of subsurface soil 
contamination 

GP 
SS 
SB 
IW 
TW 

Georgia Power 
Surface Soil 
Subsurface Soil 
Industrial Well (Groundwater) 
Temporary Well (Groundwater 

SW - Surface Water 
SD - Sediment 
blsd below land surface datum 
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TABLE 1 

SAMPLE CODES, DESCRIPTIONS. LOCATIONS, AND RATIONALE 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE. HEARD COUNTY, GEORGIA 

Sample 
Code 

GP-IW-01 

GP-TW-01 

GP-TW-02 

GP-TW-03 

GP-TW-04 

GP-SW-01 

GP-SW-02 

GP-SW-03 

GP-SW-04 

Sample 
Type 

Groundwater 

Groundwater 

Not Collected 

Groundwater 

Groundwater 

Surface Water 

Surface Water 

Surface Water 

Surface Water 

Location 

Collerted from the facility well located at 
the Recreation Area (Total depth of well 
approximately 45 feet) 

Collerted southeast and approximately 
800 feet from the easternmost corner of 
the Ash Pond (Collected at 13 feet blsd) 

Collected from the southern side of the 
facility cooling water Retention Pond 
which is located almost due south ofthe 
power plant (Collected 4 feet blsd) 

Collected downgradient, due south of 
the Inert Landfill which is located south 
of the power plant (Collected at 14 feet 
blsd) 

Collerted upstream from the Storage 
Water Pond from Yellow Dirt Creek 

Collected from the Chattahoochee River 
upstream from the facility at the power 
plant water intake (At the end of the 
boat ramp) 

Collerted from the southern corner of 
the Storage Water Pond adjacent to the 
dike separating the Storage Water Pond 
and the Ash Pond 

Collerted from the confluence ofthe 
NPDES discharge and the Chattahoochee 
River 

Rationale 

Background groundwater 
sample 

To identify the presence or 
absence of contamination of 
groundwater near the Ash 
Pond 

To identify the presence or 
absence of groundwater 
contamination in this area 

To identify the presence or 
absence of groundwater 
contamination 
downgradient of the Inert 
Landfill 

Background surface water 
sample 

Control sample from the 
Chattahoochee River. For 
comparison with (GP-SW-04) 
facility waters entenng the 
Chattahoochee River 

To identi fy the presence or 
absence of potential 
contaminants leaching 
through the containment 
dike from the Ash Pond into 
the Storage Water Pond 

To identify the presence or 
absence of surface water 
contamination entering the 
Chattahoochee River from 
thefacility 

GP 
SS 
SB 
IW 
TW 

Georgia Power 
Surface Soil 
Subsurface Soil 
Industrial Well (Groundwater) 
Temporary Well (Groundwater 

SW 
SD 
blsd 

Surface Water 
Sediment 
below land surface datum 
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TABLE 1 

SAMPLE CODES. DESCRIPTIONS. LOCATIONS. AND RATIONALE 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE. HEARD COUNTY, GEORGIA 

Sample 
Code 

GP-SW-05 

GP-SW-06 

GP-SW-07 

GP-SW-08 

GP-SW-09 

GP-SW-10 

GP-SW-11 

GP-SD-01 

GP-SD-02 

Sample 
Type 

Surface Water 

Surface Water 

Surface Water 

Not Collerted 

Surface Water 

Surface Water 

Surface Water 

Sediment 

Sediment 

Location 

Collerted from the facility Cooling Water 
Retention Pond south of the power plant 

Collected from the Coal Pile Run-off 
Pond located at the northeastern end of 
the Coal Pile 

Collerted from the Coal Pile Run-off 
Pond located at the southeastern end of 
the Coal Pile 

Collected from the easternmost corner 
ofthe Ash Pond 

Collerted from a cooling water effluent 
drainage northeast of the Retention 
Pond 

Collected from a creek downslope ofthe 
Inert Landfill 

Collerted upstream from the Storage 
Water Pond from Yellow Dirt Creek 

Collected from the Chattahoochee River 
upstream from the facility at the power 
plant water intake (At the end of the 
boat ramp) 

Rationale 

To identify the presence or 
absence of surface water 
contamination in the 
Retention Pond 

To identify the presence or 
absence of surface water 
contamination from the Coal 
Pile 

To identify the presence or 
absence of surface water 
contamination from the Coal 
Pile 

To identify the presence or 
absence of surface water 
contamination in the Ash 
Pond 

To identify the presence or 
absence of surface water 
contamination 

To identify the presence or 
absence of surface water 
contamination 

Background sediment 
sample 

Control sample from the 
Chattahoochee River. For 
comparison with (GP-SD-04) 
facility waters entering the 
Chattahoochee River 

GP 
SS 
SB 
IW 
TW 

Georgia Power 
Surface Soil 
Subsurface Soil 
Industrial Well (Groundwater) 
Temporary Well (Groundwater 

SW 
SD 
blsd 

Surface Water 
Sediment 
below land surface datum 
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TABLE 1 

SAMPLE CODES, DESCRIPTIONS, LOCATIONS. ANO RATIONALE 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE. HEARD COUNTY, GEORGIA 

Sample 
Code 

GP-SD-03 

GP-SD-04 

GP-SD-05 

GP-SD-06 

GP-SD-07 

GP-SD-08 

GP-SD-09 

GP-SD-10 

Sample 
Type 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Location 

Collerted from the southern corner of 
the Storage Water Pond adjacent to the 
dike separating the Storage Water Pond 
and the Ash Pond 

Collected from the confluence of the 
NPDES discharge and the Chattahoochee 
River 

Collected from the facility Cooling Water 
Retention Pond south of the power plant 

Collerted from the Coal Pile Run-off 
Pond located at the northeastern end of 
the Coal Pile 

Collected from the Coal Pile Run-off 
Pond located at the southeastern end of 
the Coal Pile 

Collected from a ditch that appeared to 
have once been routed from the 
Retention Pond southeast 

Collerted from the southern corner of 
the Ash Pond 

Collerted from a cooling water effluent 
drainage northeast of the Retention 
Pond 

Rationale 

To identify the presence or 
absence of potential 
contaminants leaching 
through the containment 
dike from the Ash Pond into 
the Storage Water Pond 

To identify the presence or 
absence of sediment 
contamination entering the 
Chattahoochee River from 
thefacility 

To identify the presence or 
absence of sediment 
contamination in the 
Retention Pond 

To identify the presence or 
absence of sediment 
contamination from the Coal 
Pile 

To identify the presence or 
absence of sediment 
contamination from the Coal 
Pile 

To identify the presence or 
absence of contamination 

To identify the presence or 
absence of sediment 
contamination in the Ash 
Pond 

To identify the presence or 
absence of sediment 
contamination 

GP 
SS 
SB 
IW 
TW 

Georgia Power 
Surface Soil 
Subsurface Soil 
Industrial Well (Groundwater) 
Temporary Well (Groundwater 

SW 
SD 
blsd 

Surface Water 
Sediment 
below land surface datum 
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TABLE 1 

SAMPLE COOES. DESCRIPTIONS. LOCATIONS, ANO RATIONALE 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE, HEARD COUNTY, GEORGIA 

Sample 
Code 

GP-SD-11 

Sample 
Type 

Sediment 

Location 

Collerted from a creek downslope of the 
Inert Landfill 

Rationale 

To identify the presence or 
absence of sediment 
contamination 

GP 
SS 
SB 
IW 
TW 

Georgia Power 
Surface Soil 
Subsurface Soil 
Industrial Well (Groundwater) 
Temporary Well (Groundwater 

SW 
SD 
blsd 

Surface Water 
Sediment 
below land surface datum 

• i a -



Five subsurface soil samples were collerted from the facility. The background subsurface soil sample 

was collerted from the same location as background surface soii sample GP-SS-01, at the employee 

recreation area. A subsurface soii sample was collerted from a downgradient location at each of the 

three facility landfills. Subsurface soil sample GP-SB-02 was collerted downgradient (northeastern 

corner) from the Small Construrtion Landfill, sample GP-SB-04 was collerted downgradient (south) 

from the Inert Landfill, and subsurface soil sample GP-SB-05 was collerted downgradient (south) from 

the Large Construrtion Landfill (Figure 3). Subsurface soil sample GP-SB-03 was collerted from the 

southern side of the facility retention pond, and the remaining subsurface soil sample GP-SB-06 was 

collerted adjacent to the easternmost corner of the Ash Pond (Figure 3). 

A total of four groundwater samples were collected during the investigation. The background 

groundwater sample GP-IW-01 was collerted from a potable well located at the facility recreation 

area. Sample GP-TVy-01 was collerted downgradient from the Ash Pond. Another groundwater 

sample, GP-TW-03, was collected adjacent to the facility Retention Pond, whereas, the final 

groundwater sample, GP-TW-04, was collerted downgradient from the Inert Landfill (Figure 3). 

The background surface water sample GP-SW-01, was collected upstream from the Storage Water 

Pond in Yellow Dirt Creek (Figure 3). It was also necessary to collert a control sample, GP-SW-02, from 

an upstream location in the Chattahoochee River. This sample was collected upstream from the 

facility near the facility intake on the Chattahoochee River (Figure 3). Control sample GP-SW-02 was 

collerted to compare with sample GP-SW-04 which was collerted from the confluence of the facility 

NPDES effluent and the Chattahoochee River (Figure 3). The remaining seven surface water samples 

were collected from facility property to be compared to background sample GP-SW-01. The specific 

locations and rationale of these seven surface water samples are identified in Figure 3 and Table 1; 

however, a brief breakdown of these is as follows: Sample GP-SW-03 was collerted from the Storage 

Water Pond, sample GP-SW-05 was collected from the Retention Pond, samples GP-SW-06 and 

GP-SW-07 were collerted from run-off ponds that are located at each end of the Coal Pile, surface 

water sample GP-SW-09 was collerted neartheeasternmostcornerof the Ash Pond, sample GP-SW-10 

was collerted from a cooling water effluent drainage northeast of the Retention Pond, and surface 

water sample GP-SW-11 was collerted from a creek downgradient of the Inert Landfill. 

A total of eleven sediment samples were collerted during the field investigation. As in the surface 

water samples, a background sediment sample GP-SD-01 was collerted upstream from the Storage 

Water Pond in Yellow Dirt Creek (Figure 3). A control sample GP-SD-02 was collected from an 

upstream location in the Chattahoochee River. This sample was collected for comparison with 

GP-SD-04 which was collected from the confluence of the facil i ty NPDES eff luent and the 

Chattahoochee River (Figure 3). Except for sample GP-5D-08, all other sediment sampling locations 
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are synonymous with surface water samples of the same numeric identifier. Sediment sample 

GP-SD-08 was collerted that appears to have at one time drained the Retention Pond on the 

southwestern side of the Retention Pond (Figure 3). 

4.1.4 Field Measurements 

Field measurements were performed on all water samples (Table 2). Parameters measured included 

temperature, pH, and conductivity of the sample at time of collection. No field measurements were 

performed on the soil samples during this investigation. 

4.2 SAMPLE ANALYSIS 

4.2.1 Analytical Support and Methodology 

All samples collerted were analyzed under the Contract Laboratory Program (CLP) and analyzed for 

all organic and inorganic parameters listed in the Target Compound List (TCL). Organic analysis of soil 

and water samples was performed by Ecotek Laboratory Services, Inc. in Atlanta, Georgia. Inorganic 

analysis of soil and water samples was performed by Skinner and Sherman of Waltham, 

Massachussetts. 

All laboratory analyses and laboratory quality assurance procedures used during this investigation 

were in accordance with standard procedures and protocols as specified in the Laboratory Operations 

and Quality Control Manual, U.S. Environmental Protection Agency (EPA), Region IV, Environmental 

Services Division, issued October 24, 1990; or as specified by the existing EPA standard procedures and 

protocols for the CLP Statement of Work, as applicable. 

4.2.2 Analytical Data Quality and Data Qualifiers 

All analytical data were subjected to a quality assurance review as described in the EPA 

Environmental Services Division laboratory data evaluation guidelines. In the tables, some of the 

concentrations of the organic and inorganic parameters have been flagged with a "J " . This indicates 

that the qualitative analysis was acceptable, but the quantitative value has been estimated. A few 

other compounds are flagged wi th an " N " , indicating that they were detected based on the 

presumptive evidence of their presence. This means that the compound was tentatively identified, 

and its detection cannot be used as positive identification of its presence. Results for some 

background samples are reported with a " U" flag. This flag means that the material was analyzed for 

but not deterted. The reported number is the laboratory-derived minimum quantitation limit (MQL) 
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TABLE 2 

FIELD MEASUREMENTS 
GEORGIA POWER WANSLEY STEAM ELECTRIC GENERATING PLANT 

ROOPVILLE. HEARD COUNTY, GEORGIA 

Sample Code 

GP-SW-01 

GP-SW-02 

GP-SW-03 

GP-SW-04 

GP-SW-05 

GP-SW-06 

GP-SW-07 

GP-SW-08 

GP-SW-09 

GP-SW-10 

GP-SW-11 

GP-IW-01 

GP-TW-01 

GP-TW-02 

GP-TW-03 

GP-TW-04 

Date 
(1990) 

9-17 

9-17 

9-20 

9-18 

9-18 

9-18 

9-18 

Not Collerted 

9-20 

9-18 

9-18 

9-17 

9-19 

Not Collected 

9-18 

9-18 

Time 

1550 

1740 

0950 

0950 

1140 

1645 

1705 

• 

0915 

1220 

1605 

1640 

1540 

1120 

1520 

pH 

6.5 

6.3 

6.5 

7.6 

7.2 

4.5 

3.1 

-

8.0 

7.1 

6.6 

6 4 

4.3 

-

5.8 

4.7 

Temp. 
CC) 

18 

24 

26 

29 

30 

28 

27 

-

27 

30 

25 

21 

28 

-

25 

25 

Conductivi ty 
(umhos/cm) 

57 

107 

413 

377 

235 

469 

1111 

-

647 

126 

56 

55 1 

832 

-

261 

23 

GP 
TW 
SW 
IW 

Georgia Power 
Temporary Well 

- Surface Water 
- Industnal Well 

• 2 1 -



for the compound or element in that sample. At times, miscellaneous organic compounds that do not 

appear on the target compound list are reported with a data set. These compounds are labeled as 

"JN", indicating that they are tentatively identified at estimated quantities. Because these 

compounds are not routinely analyzed for or reported, background levels or MQL values are not 

generally available for comparison. Groundwater and surface water sample results are compared to 

the national primary drinking water standard maximum contaminant levels (MCLs) for organic and 

inorganic analytes. The complete analytical data sheets arepresented in Appendix B. It should be 

noted that tnchlorothfluorethane was reported in the soil trip blank, GP-TB-01S(50JN ug/kg). 

4.2.3 Presentation of Analytical Results 

This section presents a discussion and interpretation of the analytical results from the environmental 

samples collerted during the investigation at Georgia Power - Wansley Steam Electric Generating 

Plant. Results of surface soil, subsurface soil, groundwater, surface water, and sediment samples are 

presented in Tables 3, 4, 5, 6, 7, 8, 9, 10, and 11. Background samples have been designated for all 

media. Values for background sample results are presented as either a measured value or as the MQL. 

Samples containing concentrations of contaminants greater than 3 times the background level or 

MQL of these contaminants are considered to be elevated. These samples are noted in the text. 

4.2.3.1 Summary of Organic Analytical Results 

Organic analytical results for samples collected at Georgia Power Plant Wansley are presented in 

Tables 3, 5, 7, and 9. No Target Compound List (TCL) organic compounds were reported in surface or 

subsurface soils samples. Trichlorotrifluorethane, a Tentatively Identified Compound (TIC), was 

deterted in a subsurface soil sample collected from the inert landfill (GP-SB-04), the large construction 

landfill (GP-S8-05), and the ash pond (GP-S8-06). Of the nine sediment samples collected at the 

facility, three reported the presence of this purgeable organic. These were sediment samples from 

the storage water pond (GP-SD-03) and from the coal pile run-off pond (GP-SD-06, GP-SD-07). 

Trichlorotrifluorethane is a very volatile compound used as an organic degreasing solvent and also as 

an insulating fluid in transformers (Refs. 27, 28). The use of either halogenated solvents or 

PCB-substitutes in transformers at the facility could account for the presence of this compound in the 

soil samples. 

When compared with sediment control sample GP-5D-02, both of the coal pile run-off pond samples 

(GP-SD-06, GS-SD-07) contained elevated concentrations of phenanthrene. Phenanthrene is a 

polynuclear aromatic compound (PNA). Members of this chemical family are normally found in fossil 

fuels. It is known that coal and/or oil are used as 'LBI at thefacility. The presenceof petroleum 
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TABLE 3 

SUMMARY OF ORGANIC ANALYTICAL RESULTS 
SOIL SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY, GEORGIA 

PARAMETERS (ug/kg) 

PURGEABLE COMPOUNDS 

IMICHLOROTRIFLUOROETHANE(I) 

Soil 

Trip 

Blank 

GP-TB-OIS 

SOJN 

Background 

Suriace 

Soil 

GP-SS-01 

Ash 

Sample 

GP-SS-02 

Background 

Subsurface 

Soil 

GP-SB-01 

Small 

Construct ion 

Landf i l l 

GP-SB-02 

Retent ion 

Pond 

GP-SB-03 

Inert 

Landfi l l 

GP-SB-04 

80JN 

Large 

Construct ion 

Landf i l l 

GP-SB^S 

70JN 

Near 

Ash Pond 

GP-SB-06 

100JN 

. N 
M 
W 
I 

0) 

Material analyzed for but not detected above minimum quantitation limit (MQL) 
Estimated value. 
Presumptive evidence of presence of material 
Tentatively identified and unidentified compounds This compound is not on Target Compound List and is reported only as detected in individual 
samples; MQL not determined. 



TABLE 4 

I 
ro 
I 

SUMMARY OF INORGANIC ANALYTICAL RESULTS 
SOIL SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY, GEORGIA 

PARAMETERS (mg/kg) 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

btRYLLIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

NICKEL 

POTASSIUM 

THALLIUM 

VANADIUM 

ZINC 

Background 

Surface 

Soil 

GP-SS-01 

22.000 

26J 

2UJ 

83 

2U 

1400 

36J 

17 

17J 

41.000 

10UJ 

3700 

340 

11 

3800 

0 4 5 U 

34 

74J 

Ash 

Sample 

GPSS-02 

11,000 

20J 

110 

1 5 

11.000 

33J 

3 

-

9800 

2 \ i 

880 

84 

13 

930 

2 1 

59 

120J 

Background 

Subsurface 

Soil 

GP-SB-01 

23.000 

32JN 

2 1UJ 

81 

2 9 

100U 

33J 

51 

33J 

53,000 

-

5800 

840 

14 

6000 

-

34 

150J 

Small 

Construct ion 

Landfi l l 

GP SB-02 

15,000 

-

-

73 

-

700 

8 6 J 

12 

28,000 

3000 

300 

5 8 

2500 

-

54 

Retent ion 

Pond 

6P-SB-03 

15,000 

250 

1800 

I I J 

42 

29.000 

-

6200 

3400 

7 4 

4600 

75 

52J 

Inert 

Landfi l l 

GP-SB-04 

26,000 

86 

12J 

2 9 

45J 

23,000 

-

2500 

79 

-

2900 

39 

-

Large 

Construct ion 

Landf i l l 

GPSB-OS 

8700 

-

7.5J 

31 

-

1800 

22J 

-

-

22,000 

-

510 

67 

2 6 

610 

35 

Ash Pond 

GP-SB-06 

20,000 

18J 

3 4 

120 

-

290 

34J 

30 

34J 

37,000 

-

5400 

500 

21 

4600 

64 

61J 

Material analyzed for but not detected above minimum quantitation limit (MQL). 
J Estimated value. 
U Material was analyzed for but not detected. The number given is the MQL. 



TABLE 5 

SUMMARY OF ORGANIC ANALYTICAL RESULTS 
SEDIMENT SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY, GEORGIA 

01 

PARAMETERS (ug/kg) 

PURGEABLE COMPOUNDS 

T R I C H L 0 R 0 T R I F L U 0 R 0 £ T H A N E ( 1 ) 

EXTRACTABLE COMPOUNDS 

NAPHTHALENE 

.' MtTHYLNAPHTHALENE 

OIHtN/O lURAN 

I ' l l tNANfMRENE 

ANlHKACtNE 

ILUOKANIHENE 

I'YRENE 

BENZYL BUTYL PHTHALATE 

CHRYSENE 

BENZO(B AND/OR K)FLUORANTHENE 

BENZO-A-PYRENE 

HEXADECENOIC A C I D ( 1 ) 

HEXADECANOIC A C I D ( 1 ) 

Background 

GP-SD-01 

690U 

690U 

690U 

690U 

690U 

690U 

690U 

690U 

690U 

690U 

690U 

Control 

CP-SD-02 

560U 

5faOU 

5bUU 

120J 

560U 

240J 

190 J 

560U 

110J 

l lOJ 

560U 

Storage 

VWater 

Pond 

GP-SD-03 

SOJN 

-

-

-

-

-

NPDES/Riwer 

Confluence 

GP-SD-04 

-

140J 

-

320J 

280J 

78J 

190 J 

320J 

160J 

900JN 

3000JN 

Retent ion 

Pond 

GP-SD-OS 

-

-

-

-

-

-

-

CoalPile 

Run-off Ponds 

GP-SD-06 

200JN 

340J 

800 

350J 

1000 

160J 

230J 

130J 

6P-SD-07 

100JN 

-

2 60 J 

140J 

390J 

66J 

70J 

-

Retent ion 

Pond 

Ditch 

GPSD-08 

-

Ash Pond 

GP-SD-09 

-

160J 

83J 

270J 

55J 

-

75J 

-

60J 

-

-

Material analyzed for bul not detected above minimum quantitation limit (MQL) 
J Estimated value. 
N Presumptive evidence of presence of material. 
U Material was analyzed for but not detected. The number given is the MQL. 
(1) Tentatively identified and unidentified compounds. Thiscbmpound is not on Target Compound List and is reported only as detected in individual 

samples; MQL not determined. 



TABLE 5 

SUMMARY OF ORGANIC ANALYTICAL RESULTS 
SEDIMENT SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY, GEORGIA 

ro 

1 

PARAMETERS (ug/kg) 

PETROLEUM P R 0 D U C T ( 1 ) 

DIMETHYLNAPHTHALENE(I) 

TRIMETHYLNAPHTHALENE^) 

tTHYL0IMETHYLAZULENE(1> 

UN,DENT IFIED COMPOUNDS^) 

PES1ICiDE\PCB COMPOUNDS 

n i L I A HHC 

tNDOSULFAN SULFATE 

Background 

GP-SD-01 

5000J/4 

16U 

32U 

Control 

GP-SD-02 

13U 

26U 

Storage 

Water 

Pond 

GPSO-03 

-

NPDES/River 

Confluence 

GP-SD04 

N 

5000J/3 

Retent ion 

Pond 

GP-SD05 

' 

Coal Pile 

Run-off Ponds 

G P S D 0 6 

N 

2000JN/3 

SOOJN 

lOOOJN 

lO.OOOJ/15 

140 

GP-SD-07 

N 

600JN/2 

400JN 

6000J/6 

96 

85 

Retent ion 

Pond 

Ditch 

GP-SD-08 

5000J/3 

-

-

Ash Pond 

GP-SD-09 

N 

600JN/2 

200JN 

400JN 

lOOOJ/1 

34 

21J 

Material analyzed for but not detected above minimum quantitation limit (MQL) 
J Estimated value. 
N Presumptive evidence of presence of material. 
U Material was analyzed for but not detected. The number given is the MQL. 
0) Tentatively identified and unidentified compounds. This compound is not on Target Compound List and is reported only as detected in individual 

samples; MQL not determined. 



TABLE 6 

•"4 

SUMMARY OF INORGANIC ANALYTICAL RESULTS 
SEDIMENT SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY. GEORGIA 

PARAMETERS (mg/kg) 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

CAiCIUM 

i J i -U iM i i J M 

1 Ol l / . l 1 

((JI ' l 'LIt 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

IHALLIUM 

VANADIUM 

ZINC 

Background 

GP-SD-01 

12.000 

93UR 

2UJ 

60 

300U 

U J 

3U 

20UJ 

19,000 

lOUJ 

1700 

91 

5 6 

1400 

072UR 

1 5U 

0 72U 

16 

40UJ 

Control 

GP-SD-02 

9500 

79UR 

2UJ 

87 

4b0 

16J 

6 8 

20UJ 

15,000 

20UJ 

2700 

350 

5 9 

2700 

055UR 

1.3U 

0.55U 

23 

82J 

Storage 

Water 

Pond 

GP-SD-03 

3800 

-

13 

JIU 

-

7800 

-

390 

59 

-

450 

-

3 5 

-

2 5 

-

NPDES/River 

Confluence 

GP-SD-04 

17,000 

. 

62J 

140 

1600 

30J 

15 

34J 

27,000 

36J 

3500 

820 

11 

3300 

1 BJ 

59 

130J 

Retent ion 

Pond 

GP-SD-05 

19,000 

-

110 

450 

14J 

9 1 

26J 

34,000 

-

5800 

390 

1700 

-

76 

130J 

Coal Pile 

Run-off Ponds 

GPSD-06 

3600 

-

4.5J 

51 

410 

I I J 

2 7 

21J 

15,000 

1500 

50 

6 7 

1500 

24J 

-

-

24 

-

GP-SD07 

3200 

- • 

4 5J 

28 

380 

14J 

6 3 

12,000 

1000 

89 

7 8 

1100 

1 5J 

20 

Retent ion 

Pond 

Ditch 

GP-SD-08 

17,000 

30J 

34J 

140 

2100 

30J 

34 

33J 

32,000 

-

5100 

440 

18 

3700 

-

-

67 

290J 

Ash Pond 

GP-SD-09 

13.000 

-

-

170 

6800 

43J 

12 

28J 

20,000 

28J 

2900 

280 

22 

3000 

-

-

4 2 

88 

150J 

Material analyzed for but not detected above minimum quantitation limit (MQL). 
J Estimated value. 
U Material was analyzed for but not detected. The number given is the MQL. 
R Quality Control indicates that data is unusable. Compound may or may not be present. 



TABLE 7 

SUMMARY OF ORGANIC ANALYTICAL RESULTS 

GROUNDWATER SAMPLES 

GEORGIA POWER PLANT WANSLEY 

ROOPVILLE. HEARD COUNTY. GEORGIA 

PARAMETERS (ug/l) 

EXTRAaABLE COMPOUNDS 

OCTYLOXYBENZENE 

HEXANEDIOIC ACID, DIOCTYLESTER 

UNIDENTIFIEDCOMPOUNDS/NO n ) 

Preservative 

Blank 

GP-PB-01 

Background 

GP-IW-01 

lOJN 

90JN 

500J/16 

Downgradient 

Ash Pond 

GP-TW-01 

Retention Pond 

•GP-TW-03 

40J/2 

Inert Landfill 

GP-TW-04 

I 
fM 
00 
I 

J 

N 
(1) 

Estimated value 

Presumptive evidence of presence of material. 

Tentatively identified and unidentified compounds. This compound is not on Target Compound Lisl and is reported only as 

detected in individual samples; MQL not determined. 

GP-TW-02 not collected. 



TABLE 8 

I 
ro 
vo 
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SUMMARY OF INORGANIC ANALYTICAL RESULTS 
GROUNDWATER SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE. HEARD COUNTY. GEORGIA 

PARAMETERS (ug/l) 

ALUMINUM 

BARIUM 

BERYLLIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

NICKEL 

POTASSIUM 

SODIUM 

VANADIUM 

ZINC 

Preservative 

Blank 

GP-PB-01 

-

-

-

-

-

-

-

-

-

-

-

-

-

Background 

GP-IW-01 

30U 

8U 

IU 

4000 

6U 

4U 

3U 

170U 

4UJ 

880 

20U 

6U 

1400U 

3000UJ 

3U 

810 

Downgrad ien t 

Ash Pond 

GP-TW-01 

170,000 

380 

17 

170,000 

73 

340 

310 

240,000 

240J 

15,000 

14,000 

120 

21,000 

34,000J 

580 

390 

Retent ion Pond 

•GP-TW-03 

200,000 

630 

10 

30,000 

140 

97 

260 

300.000 

-

47,000 

2900 

46 

31000 

ZO.OOOJ 

760 

430 

Inert Landf i l l 

GP-TW-04 

33,000 

120 

tu 

660U 

10 

10 

20U 

21,000 

20UJ 

4900 

160 

8U 

4400 

2800UJ 

39 

70U 

Material analyzed for but not detected above minimum quantitation limit (MQL). 
Estimated value. 
Material was analyzed for but not detected. The number given is the MQL. 
GP-TW-02 not collected. 



TABLE 9 

SUMMARY OF ORGANIC ANALYTICAL RESULTS 
SURFACE WATER SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY. GEORGIA 

PARAMETERS (ug/l) 

EXTRACTABLE COMPOUNDS 

I.INIDENTIFIED COMPOUNDS/NO (1) 

Background 

GP-SW-01 

Control 

GP-SW-02 

Storage 

Water 

Pond 

GP-SW-03 

NPDES/River 

Confluence 

GP-SW-04 

Retention 

Pond 

GP-SW-05 

Coal Pile 

Run-off Ponds 

GP-SW-06 •GP-SW-07 

60J/2 

Ash Pond 

GP-SW-09 

Cooling 

Water 

EHIuent 

GP-SW-10 

Inert 

Landfill 

GP-SW-11 

J Estimated value. 
(1) Tentatively identified and unidentified compounds This compound is not on Target Compound List and is reported only as detected in individual 

samples; MQL nol determined. 
GPSW-08 not collected. 

I 
CO 
CD 
I 



TABLE 10 

SUMMARY OF INORGANIC ANALYTICAL RESULTS 
SURFACE WATER SAMPLES 

GEORGIA POWER PLANT WANSLEY 
ROOPVILLE, HEARD COUNTY, GEORGIA 

PARAMETERS (ug/l) 

ALUMINUM 

BARIUM 

CALCIUM 

CHROMIUM 

(ObA l . f 

IRON 

MAGNESIUM 

MANGANESE 

NICKEL 

POTASSIUM 

SELENIUM 

SODIUM 

VANADIUM 

ZINC 

Background 

GP-SW-01 

180U 

9U 

1600U 

6U 

4U 

620U 

880 

17 

6U 

1200U 

2UJ 

2300UJ 

3U 

20U 

Control 

GP-SW-02 

3700 

-

8100 

3400 

1600 

110 

-

2800 

- • 

10 

Storage 

Water 

Pond 

GP-SW-03 

-

-

3500 

-

-

1100 

-

-

NPDES/River 
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product was reported in the coal pile run-off pond samples, the NPDES/river confluence sample 

(GP-SD-04), and the ash pond sediment sample (GP-SD-09). Other PNA compounds were tentatively 

identified in the run-off pond samples and the ash pond sample. Two pesticides were reported at 

elevated levels in the coal pile run-off pond sediment samples. Delta-BHC was detected in sediment 

sample GP-SD-07 (98 ug/kg, 7 times control). Endosulfan sulfate was detected in sample GP-SD-06 

(140 ug/kg, 5 times control) and GP-SD-07 (85 ug/kg, 3 times control). The presence of these pesticides 

in the pond sediment may be due to spraying around the pond or drainage of surface water run-off 

from areas where spraying occurred. 

No TCL organic compounds were reported in groundwater or surface water samples collected at the 

facility. 

4.2.3.2 Summary of Inorganic Analytical Results 

The principle components of coal ash, after the oxidation of carbon and its compounds, are metals, 

many of which are toxic; therefore, the results of inorganic analyses are important for the site. 

Inorganic analytical results for Georgia Power Plant Wansley are presented in Tables 4, 6, 8, and 10, 

Arsenic (20J mg/kg, 10 times MQL), calcium (11,000 mg/kg, 7 times background), and thall ium 

(2.1 mg/kg, 4 times MQL) were detected in surface soil sample GP-SS-02, which was collected from the 

ash pile. Three subsurface soil samples, GP-SB-02 from the small construction landfill, GP-SB-03 from 

the cooling water retention pond, and GP-SB-05 from the large construction landfil l, contained 

elevated concentrations of calcium. Barium (250 mg/kg, 3 times background) and manganese 

(3,400mg/kg, 4 times background) were detected in subsurface soil sample collected from the 

cooling water retention pond. Subsurface soil from the large construttion landfill contained arsenic 

at a concentration of 7.5J mg/kg (3 times MQL). 

Groundwater at the plant contained high levels of many inorganic constituents. GP-IW-01, collected 

from a potable water well at an approximate depth of 45 feet, was designated as background for the 

groundwater samples. In some cases, results for onsite groundwater samples, collected from shallow 

temporary wells, were elevated thousands of times above background. It was decided to use the 

groundwater sample from the inert landfill (GP-TW-04) as an onsite control sample. The 

groundwater sample from near the Ash Pond (GP-TW-01) reported 16 inorganic analytes at elevated 

levels ranging from three to 257 times control. Notable among these were chromium (73 ug/l, 

7 times control) and lead (240J ug/l, 12 times MQL). The groundwater sample (GP-TW-03) collected 

near the cooling water retention pond contained 15 inorganic constituents at elevated levels ranging 

from 5 to 45 times control, including chromium ('40 ug/l, 14 times control). Maximum Contaminant 

Levels (MCLs) for drinking water, as mandated by th'? federal government, were exceeded in 
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groundwater samples for the following metals (the values fol lowing analytes are (MCL Values) 

(Maximum Concentration identified in groundwater from this investigation): beryllium (1 ug/l) 

(17 ug/l), chromium (50 ug/l) (140 ug/l), lead (15 ug/l) (240J ug/l), nickel (100 ug/l) (120 ug/l). 

Secondary Maximum Contaminant Levels (SMCLs) were also exceeded for aluminum (50 - 200 ug/l) 

(200,000 ug/l), iron (300 ug/l) (300,000 ug/l), manganese (50 ug/l) (14,000 ug/l) (Ref. 29,30, 31). 

Sediment sample GP-SD-04, collected from the confluence of the NPDES discharge and 

Chattahoochee River, contained seven metals at elevated concentrations ranging from 3 to 9 times 

background sample GP-SD-01. These metals were arsenic (6.2J mg/kg, 3 times MQL), calcium, cobalt, 

lead (36J mg/kg, 3 times MQL), manganese, vanadium, and zinc. Cobalt, magnesium, manganese, 

vanadium, and zinc were elevated in the cooling water retention pond sediment sample (GP-SD-06). 

Sediment samples collected from the coal pile run-off pond contained only one elevated inorganic 

constituent. Selenium (2.4J mg/kg, 3 times MQL) was reported in sample GP-SD-06. Sample GP-SD-08, 

from a ditch that may have drained the retention pond, contained nine elevated metals. These were 

antimony, arsenic (34J mg/kg, 17 times MQL), calcium, cobalt, magnesium, manganese, nickel, 

vanadium, and zinc. This ditch appears to have drained south-southwest from the Retention Pond. 

Sediment from the ash pond, sample GP-SD-09, contained eight elevated metals, including chromium 

(43J mg/kg, 3 times background). 

Surface water samples collected from the storage water pond (GP-SW-03) and the inert landfill 

(GP-SW-11) contained no inorganic analytes at elevated concentrations. The other six onsite surface 

water samples collected from the confluence of the NPDES stream and the Chattahoochee River 

(GP-SW- 04), the cooling water retention pond (GP-SW-05), the coal pile run-off pond (GP-SW-06, 

GP-SW-07), the ash pond (GP-SW-09), and cooling water effluent (GP- SW-10) contained a host of 

inorganic constituents at elevated concentrations. The following eight metals were detected at 

elevated levels in at least three of the six samples: aluminum, barium, calcium, iron, manganese,-

potassium, sodium, and vanadium. The federally mandated MCL for nickel in drinking water is 

100 ug/l. This quantity was reported in sample GP-SW-06. The MCL for selenium is 10 ug/l. Sample 

GP-SW-05, collected from the retention pond, contained selenium at a concentration of I U , while 

sample GP-SW-09, collected from the ash pond contained 15J ug/l of selenium. SMCLs for aluminum 

(50 - 200 ug/l), iron (300 ug/l), and manganese (50 ug/l) were exceeded many times over in the 

surface water samples (Refs. C, D). The NPDES discharge sample (GP-SW-04) exceeded all three of 

these SMCLs. 

Coal ash consists primarily of silicon, aluminum, iron, and calcium (Ref. 32). The latter three, whicn 

are part of routine CLP analyses, were detected at elevated concentrations in many of the 

environmental samples collected at Georgia Power Plant Wansley. Magnesium, potassium, sodium, 
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and titanium are the next largest group of metals found in coal ash (Ref. 32). Again, magnesium, 

potassium, and sodium were found in abundance, especially in groundwater and surface water 

samples. Finally, eastern and midwestern coals, as opposed to western coals, show higher 

proportions of arsenic, selenium, chromium, and vanadium (Ref. 32). All four of these metals were 

repeatedly reported in the samples. According to the analytical data, toxic metals of special concern 

at the power plant are arsenic, barium, beryllium, chromium, lead, manganese, nickel, selenium, and 

zinc. It is expected to find high levels of inorganics at coal-burning power plants. The issue is 

containment of these toxic metals. Sediment, surface water and ground water results indicate a 

potential for posing an environmental threat. 
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5.0 SUMMARY 

The groundwater pathway is of primary concern at Georgia Power. The unconfined crystalline rock 

aquifer is the aquifer of concern in the study area. Approximately 1,553 residents in the study area 

obtain water from private wells completed in this aquifer. The surface water pathway is also of 

concern because recreational boating and fishing are common activities in waters onsite (except for 

the Ash Pond and effluent) and downstream. The onsite exposure pathway is a concern due to the 

number of employees (approximately 325) working at the facility. The air exposure pathway is of 

limited concern due to the facility's rural setting. 

The sampling investigation consisted of the collection of 33 environmental samples: two surface soil 

samples, six subsurface soil samples, four groundwater samples, ten surface water samples, and 

eleven sediment samples. 

Organic analysis identified presumptive evidence of the presence of Trichlorotrifluoroethane in 

estimated concentrations in subsurface soils and sediments throughout much of the study area. 

Trichlorotrifluoroethane is a volatile compound that is commonly used as a degreasing solvent and an 

insulating fluid in transformers. Polynuclear aromatic compounds (PNAs) were identif ied 

(presumptive and estimated) in sediment samples collected from the two Coal Pile Run-off Ponds as 

well as the Ash Pond. These may be atthbutable to creosote from nearby railroad tracks or the coal. 

Presumptive evidence of petroleum product was also indicated in sediment samples. Also, elevated 

levels of pesticides were identified in sediment samples collected from the Coal Pile Run-off Ponds as 

well as in the Ash Pond. 

Inorganic analytes were identified as elevated m surface soils, subsurface soils, groundwater, surface 

water, and sediment samples. Since the groundwater and surface water pathways are of the greatest 

concern in this investigation the most notable findings were identified in groundwater and surface 

water samples. Chromium (7 times control) and lead (12 times control) were detected in the 

groundwater sample collected near the Ash Pond. Chromium (14 times control) was also detected in 

a groundwater sample collected near the Cooling Water Retention Pond. Some of the groundwater 

samples collected during the field investigation exceeded the Maximum Contaminant Levels (MCLs) 

for primary drinking water standards for chromium, lead, and nickel. 
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Some of the surface water samples collected contained elevated levels of aluminum, barium, calcium, 

iron, manganese, potassium, sodium, and vanadium. Maximum Contamination Levels (MCLs) for 

phmary drinking water standards were reached or exceeded for nickel and selenium. 

Considering the number of groundwater targets in the area as well as surface water and onsite 

exposure targets, it is recommended that this facility be evaluated using the HRS (effective March 14, 

1991). 
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REFERENCE 7 
.PRELIMINARY ASSESSMENT COVER SHEET 

GA POWER CO. WANSLEY STM. ELEC. GEN. STA. 
GAD000612937 

The Georgia Power Company Wansley Steam Electric Generating Station 
has been in operation since 1976 at its present location. The RCRA Part 
.A Application permit filed by the facility indicates joint ownership between 
Georgia Power, Oglethorpe Power Corp., The Municipal Electric Authority of 
Georgia, and the City o f Dalton, Georgia. The facility is operated by the 
Georgia Power Company. The facility generates electricity by burning coal 
and/or oil to boil large tanks of water. The steam generated from the boiling 
water is used to turn turbines which generate electricity. Waste ash is 
disposed of in an ash pond (See attached map). The boilers are cleaned 
periodically to remove copper and iron scale. This results in the generation 
of several thousand gallons o f waste wash water, most of which is placed 
in the ash pond. This boiler cleaning waste was granted an exclusion from 
the Georgia Rules for Hazardous Waste Management in 1983. The facility 
discharges some of the liquid wastes generated on site under NPDES permit 
GA0024778. 

The site is located in a sparsely inhabited portion of Heard and Carroll 
Counties. Surface runoff from the site enters the Chattahoochee River about 
1/2 mile east of the site. Porosity and permeability of rocks underlying 
the site are largely the result of fractures and joints within the rock units 
or the result of a contact between 2 or more different rock types. 

The Waste Management Data Sheet dated 3/22/84 (attached) indicated 
that it has generated PCB's, organics and inorganics and that no information 
exists as to the disposal practices of these substances prior to 1980. For 
this reason, the site is assessed a "LOW" priority for a Site Inspection. 
Since 1980, all. hazardous wastes generated at the site have been handled 
in accordance with the Georgia Rules for Hazardous Waste' Management. 
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POTENTIAL HAZARDOUS WASTE SITE 

PRELIMINARY ASSESSMENT 
PART 1 • SITE INFORMATION ANO ASSESSMENT 
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POTENTIAL HAZARDOUS WASTE SITE 

PRELIMINARY ASSESSMENT 
PART 2 • WASTE INFORMATION 
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Potent ia l i f solvent!f"5r PCB's were released on s i t e . 

01 ; G ORINKING WATER CONTAMINATION 02 L. OBSERVED (OATE. 
O.T POPIJI ATlON POTENTIALLY AFFFCTFD OA WAOOATIVP nPSTRIPT inN 

01 ;^ H WORKER EXPOSUHeiNJUHY 02 U OBSERVEDlDATE. 
0.1 WOBKFBS POTENTIALLY AFFSCTFO . .,, OA NABBATIVF nF.eLTBlPTlflN 

01 1 POPULATION EXPOSUBE'INJURY 02 1 : OBSERVEDlDATE 
0 3 POPULATION POTENTIALLY AFFFCTFD OA NABOATIVF DFRTBIPTION 

1 

J 

was 

was 

dik POTENTIAL 

used to 

:X POTENTIAL 

used to 

~ POTENTIAL 

- POTENTIAL 

G POTENTIAL 

JC POTENTIAL 

3 POTENTIAL 

a POTENTIAL 

Z: POTENTIAL 

C ALLEGED 

hold non-haz-

C ALLEGED 

hold non-haz-

Z ALLEGED 

G ALLEGED 

= ALLEGED 

G ALLEGED-. 

3 Al 1 FGED 

a AIXECEO 

G ALLEGED 

ePAFORM20'0 12 | f 811 



- . _ _ « _ - POTENTIAL HAZARDOUS WASTE SITE 
V ^ C T ^ p n PRELIMINARY ASSESSMENT 
^ ^ # ^ PART 3-DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS 

I. I D E N T I F I C A T I O N 

01 STATE 03 STTE 

JA. D000612937 

I I . H A Z A R D O U S C O N D I T I O N S A N O INCIOENTS ic 

01 C J. DAMAGE TO FLORA 
OA NAHBAnvE DESCRIPTION 

02 n OBSERVED (DATE: . . ) a POTENTIAL a A"C«g" 

01 - < DAMAGE TO FAUNA 
O i . M A B B A T I V E DESCRIPTION ii,tai,amn^miioiictc,.ti 

02 G OBSERVED (DATE: . ) G POTENTIAL G ALLEGED 

01 G L. CCNTAMINATION OF FOOD CHAIN 
04 NABBATIVE DESCRIPTION 

02 C OBSERVED (OATE: . ) a POTENTIAL G ALLEQEO-

01 Z M UNSTABLE CONTAINMENT OF WASTES 

03 PQPULj^nON POTENTIALLYAFFECTED: 

02 G OBSERVED (DATE. 

04 NABBATIVE DESCRIPTION 

. ) G POTENTIAL G ALLEGED 

01 Z N. DAMAGE TO OFFSITE PROPERTY 
04 NARRATIVE OESCRlPnCN 

02 G OBSERVED iDATE. G POTENTIAL G ALLEGED 

01 G 0 CONTAMINATION OF SEWERS. STORM DRAINS. WWTPs 02 C OBSERVED (DATE: 
04 NARRATIVE DESCRIPTION 

G POTENTIAL a A L l f G E D 

01 G P iLLEGAUUNAUTHORIZEO DUMPING 
04 NABBATIVE DESCRIPTION 

02 C OBSERVEDlDATE. . ) a POTENTIAL a ALLEGED 

05 DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL. OR ALLEGED HAZARDS 

III. TOTAL P O P U L A T I O N P O T E N T I A L L Y A F F E C T E D : 

IV. C O M M E N T S 

V. SOURCES OF I N F O R M A T I O N . c . u . cx . . < , ' • ' • * * • • • 9 ! ( • ( • ' « • IMnof« wi«.«. t .aoo^a* 

GA EPD State F i l es . 

EPAFORM JOfO 121? S l l 



RCRA/NPL POLICY QUESTIONNAIRE TOR INITIAL SCREENING 

EPA I . D . Mumfier : ,-<^^^ 00^361X437 

Type of Facility: Generator • ^ Transporter Disposai_ 
Treatment storage (more tnan 90 days) 

RCRA APPLICABILITY yes ao 

Haa tills facility treated, stored or disposed ^-^ 
Of a RCRA hazardous waste since Nov. 19, 1980? 

Has a RCRA Facility Assessment (RFA) been performed '-̂' 
on tnis sita? 

Does tne facility have a RCRA operating or post-closure '-̂" 
permit? If so, date issued , 

Did the facility file a RCRA Part A application? J ^ 
If so: y 

1) Does the facility currently have interim status? (y 
2) Did the facility withdraw its interim status? u^ * 
3) Is the facility a icnovn or possilsle protective 1^ 

filer? 

Is tne facility a late (after Nov. 19, 1980) or ( ^ 
non-filer that has been identified by EPA or 
the state? 

STOP HERE IF ALL ANSWERS TO QUESTIONS IN SECTION I ARZ MC 

I I . FINTkNCIAL STATUS 

Is the facility owned by an entity that has 
filed for b«nXruptcy under federal or State 
laws? 

III. RCRA ENTORCEMENT STATUS 

Has the facility lost authorization to operate 
or had its interim status revolcad? 

Has the facility been involved i.i any other RCRA 
enforcement action? 



i^im^Siis.^jiiakmiiM^M^'^ 
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10. 

I I 

I J 

W««JJ>«»««»UMtMtMT» 
wviUD - HovtMnn n, INI 

H O r t : A l l LANGUAGE SHOULD i f rACTUAl 
AND OBJECTIVE 

R«cord on front cov»r of th« Loqbook: TDD No , 5it« Nam*, 
Sit* Lotation, Proi«<t Manap«r 

All j n t r i M a i t made ui ing ink Draw a ?ingl» iin» ihrouqh | 
• f ro r j Initial and datr corrections 

S ta temtn t of Wo'V Plan, Study " l a n . and 5af» ty Plan 
discuitlon and distribution to l'«Jd team vvtth team members' 
signatures 

Record weather conditions and general sit* information 

Sign and dat* each page Pmiect Manager is to rpview and 
(jgn off on each logbook daily 

Document all cal ibrat ion and p r * .ope ra t i ona l checks of 
equipment Provide serial numbers of equipment used onsite 

Provid* r*f#rence to Samptirig Field Sheets for deta i led 
sampling information 

Describe sampling locations in d e t l H and document all 
changes from project planning documents. 

Provide a site sketch w i t h sample locat ions and pho to 
locations 

Maintain photo log by completing the stamped information 
at the end of t h * logbook 

If no sit* r«pr»»«ntativ« is on hand to acc*pt t h * receipt for 
sample*, an entry to that effect must be placed in the 
logbook 

Record I.D. numbers of COC and receipt for sample forms 
UM<). A l to record numbers of d* t t roy*d docum*nts 

Complete $MO Information in t f x s^«<* provided. 

% K -

. ' . ^ ; ^ t i i . { /•^•,\.rsZ'i.'-^tii'i .•Jt'iCi!.-'i.~d-'t.-'.: t-yi-iiV^l.-P • 
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•f":*' . ̂ l-. r.r--''-.-'^vv'^i^'i^,* 

'IQ. 

TDD ;/ f W ' "3 '/<"-'? • ''" '-̂  

Date ' i /z '^ho _By Whom: J ^ - . / . j 

Time: M keyed to map: ^ 

Location, f-'^ y iTZ^ /"-v^.n ( "n r^ * -—- .^ 
/4JL ?^J 

Picture of: A X ^ ^ . . -^ ^ > t ^ - ^ | v - ^ p l^^v 

TDD // _iL:Z_j2iV<-V • r;- -? 

^ '̂« ~ ^ ^ / ^ 4 ^ ByWhom:_J.., 
Time: -./̂  keyed lo map:__ 
LOLdhoii. . ^ f r ^ ^ ^ . ^ ' . ^ j j i ^ . . ^ 

Picture of: 

M i 
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It C. ( I l . i j l i l y ) l i i i n u l 
I i i . ' i i . i i i i i i ' i i i . j i : . | j< ' i I i l l I 

mi 
PW - Priv«t« wa l l 

PI - PublK (Munkipcl) Wall 

MW. Monitoring (Nrmanvnt) w«i | 

TW - Ttmportry (Well ^ n t ) Wtl l 
IW - lAduitrial Wt l l 

SW-SwrfKtWatt r 
SP - Spring Watt r 

LW • Ltt<h«t« Wattr 

AN-A i r 

SL-Sludgt 
WA • Wait* 

ON-Orum 

gTHIR«BH 

ss • Surf act Soil 

Sl-SutatwrfacaSoil 

SZ • Saturttion Zona 

SO - Stdimtnt 

CS • Compoiita So«i 

LS - L t tchat t Soil 

QC-Quality Control 
AQ-AquatK(liolo«»cal) 
T l - Trip Hank 

for .11 »ampit« that ar t to b t analyzed by th t m hoo.« fIT IV laboratory t f i t 
followmg dtv.at.on from th t standard codas art to b« UMd: Tht I t t t t r - f 
(dtr tot ing ^IT Lab Ar.aly, i , ) „ ,o b t . n . t r x . d , „ h o M j l t h t u m p i t n u m b t r . 

* " • ' " ' " • Standard Auto iampimg inv«Higition • Ttmporary Wall 
GfOundwatar Sampit • Numbtr 01 

A p p r o p n a t t Cod t : SA-TW-^OC 

• i - ^ » . > >. 

http://dtv.at.on
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SCALE 1.24 000 
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csnT^nrsc. 
.ceo :c->3 :•>» - x o 5000 -xxn 

C0N70UR INTERVAL 20 FEET 
DATUM IS MEAN SEA LEVEL 

.^:-:^-V,:^v^^^-v\\ 

. . • - • / • > ^ . \ - v . . . r - . . ~ - ^ • . . • - > > ' - > -
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REFERENCE 9 

J- ^.- —- ( j r j , . . . ,: -.tr / z: .: .s ..:.:-.'.-c;:. ..-. 
•..-..-ou;.n It arc) irw^f t r i correct Caca m :.-
33Croori3:e T,II—.n «rsa M iom. A l to , if any 
tne c r e o n n t M data n aosant I'm* arei to 7 
/»/f <?/ t f i t label SOX* l i m tf»# in fo tmt t tz 
tttat i / iouid aoptart . pleata: providai it in u 
proper fill—m areafiy balow. If t h t label 
c o m p i t t t ana corr tc t , you ntad not compia 
Items I, i l l , V, and VI (txeapt Vl -a wriic 
m u t t ba c o m p l t t t a nga f t i l t t t t . Comoit ta • 
i temi if no laoal has t}««n providad. Rafar -
tha instructions for datailad itarn deicri 
tions ana for ina i*9ai autnorixatioiu una 
which this Pau it col lact td. 

I I . POLLUTANT CHARACTERISTICS 

INSTRUCTIONS; Compliti A througn J to determins whither you need to lubmit any permit application formt to Uia EPA. If you answir-"vu'' to any 
quanions, you mun lubmit thit form and the suoplemental form listed in tha paranthesit following tht quenion. Mark " X " in tha box'iin tht third column 

;lf the tupplementil form it anached. If you answer "no" to. aach question, you need not submit ariy of these forms. You may ensvwr"no''if youracnvity 
it excluded from permit reguiremenn; see Section C of the innructionL See also. Section 0 of the innructioni for definitions of bold-facad vumv^ • 

S r S C i n C Q U S S T I O N S 
Mr tBA «.• 

i l s r c e i n c a u K s r i o N S 

3. Does or wi l l tnis facil i ty (a i t / i t r t x m i n g or orboomat 
include a cancantrattd animal faading oparation or 
aquatic animal product ion faciirty wnich rasuiu itt a 
diKiiarqa to water* of the U.S.? (FORM 2BI 

MAft.ft r. 
" • — i .r ;?: ; 

A^' ls this facil ity a publicly owned traatmant w o r i u I 
whicn rejuiti 
( F O f l M Z A I 

^T^ 'whicn results in a discnarqa to water* of the U.S.? , 

! • ' I I 

C i i tnis a facility wmcn cu.-rentiv results m alscnarqei | 
,.^.-xa waters ot tha U.S. otner tnan moss aescrioeo in i 

A or a Btiove? (f=QRM ;C) "^ 

It tnis a orooosea raciiitv t owar wan tnosa aaacnoeo 
in A or 3 abovai wnicn wi l l result in a diacharga to 
waters of the U.S.? (FORM 201 

E. Oo«t or wi l l th i t facility treat, (tore, or d i t p o u of 
*- h a u r d o u t waaiee? {FORM 31 ;{ 

Oo you or win you inject et tms faci l i ty industrial or 
municipal effluent oelow the lowermost t t ra tum coiv 
taming, w i ih in o n * quansr m i l * of the well bora, 
unoerground sourcet of dr inking water? (FORM 4) 

a . Do you or wi i l vou miect a: tmt lacmty any oroaucea i 
" . r , water or other fluids which are brougni to tne surface I 
'.~f in connection wi th csnyentional oil or natural gat pro- | 
p ^ duct ion, iniect fluids useo for annancad recovery of i 
"• oi l or natural gat. or miact f lu idt for ttorage of l iquid 

hvdfocarooni? (FORM d) ' 

1 1 • l i 

H. Oo vou or wi l l you iniect at th i t faci l i ty f lu idt for t o t -
cial proceties tucn at mining of sulfur oy tha Fratcn 
proceu, solution mining of minereit. in i i tu combus­
t ion of f ou i l fuel , or recovery of geotnermai energy? 
(FORMA) 

1^, I t th i t facility a proootao nationary lource wmcn is 
'11^'one of the 28 induttr ial categoriet l i t ted m tne <n-
:fl-'< t t ruc t iont and which wi l l potentially emit 100 tont 

' ^ ' : ' p e r year of any air pollutant regulated under the 
'^ Clean Air Aet and may affect or be located in an 

anainment area' (FORM S) 

It tn i t facil ity a propotea f ta t io ru ry aourca wmcn i< 
NOT one of the 28 iiKJunrial categories l i t ted in tha 
innruc t ion t and which wi l l potential ly emit 2S0 tont 
per year of any air pol lutant regulated under tha Claan; 
A i r Ac t and may affect or ba located In an 
area? (FORMS) 

I I I . NAME OF FACIL ITY 

T - r - i 
»•*"".; A N S L E Y S T E A M E L E C T R I C G E N E R A T I N G S T A . 

" I " • '•" 

IV. FACIL ITY CONTACT 

A. NAMK a TITLE Itait, fint. A u:itt a . P H O N C ( a r t a c o d e A no . ) 

I 1 I I I I I I I I I I I I I I I I I 

B Y E R L E Y T E M G ' R . O F E 
T — I — r -1—I—r 

N V R. A"F F R S . . 14 0 4 I 2 2 
I I I 

6 0 6 0 

A. I T R C B T . R O U T E N O . O R O T H C R S P C C i r i C 

J i l l 

1 — I — I — I — r ~ i I i 

l O C N T I P I C R 
I I I I I 

H . I . G . H . W . A . Y . 5 

T I I 1 I r 

|H F A R D 

a. C O U N T Y N A M K 
—I—I—I—r 1—I—r T — \ — I — r 

C. C I T Y O R T O W N 
• ; — I — I — I — I — I — r 

i O . S T A T C l E. I I P C O O K ,1. i o u i t f v catJi 
'nguifii 

R .0 .0 .? -V T .L 

m" 
II • 

l i 1 I l i ' i r ' '<' 
Form JSIO-I (6-801 CONTINUE ON R E V t H 



i V l l l . OPERATOR INFORMATION <-V:i»B»v. :-l:.-.J; ̂ :^'4;*t~^»r::- i'̂ r V; '**«»*t i,:,7?Hv-^*-: 14«t*l^ffc^&*tf?««SW;'7t:: .'l' 
' 
• C l l l l l i i 

[ 7 G E 0 R G I A 
1 . • j 14 

1 1 1 1 1 r-

P O W E R 

A. N A M C 

C O M P A N Y 

• 1 1 1 1 1 1 1 1 

•• 

a. Is tne namai inaa in 
Item V I I I ' A alao tne 
owner? 

O Y E S . a N O 
** ' 

c. STATU* OF OPERATOR (Enter tne appropnate letter into tne anjwer oox. if "Other", specify.) • . PHONE (area coda A no.) 
F - FeDERAL . , .VI " POSLIC iotner man /ederal or t tate i 
S - STATE • - . 0 - OTHER Itpaci(y) D 

14 

1 
1 

c 

A |4 0 4 
( • . I ; "' 

' • ' • ' ' ' e . S T R E E T OR P O. B O X 
( 1 1 • 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 [ 1 1 1 1 1 t 1 1 1 

P 0. 3. O.X, 4 5 4 5 . . . . 

' " • p. C I T Y O R T O W N 

11 
'• 

' I I 1 1 1 i I •! : ; i 1 ; ; I i—r - ; -i i ; i i i 

A T L A N T A 
i # • •• 

i» J 

5 2 2 
,. - „ 

1—1—1—1—1— 
6 0 6 0 . 
I I . . 

• • • . " •.'z^-.'-'^/fXK'.'^^-.rr 

G . S T A T l i H. Z I P c o o e 

1 

G A 
. 1 « i 

I I I I 

3 0 3 0 2 

«T 
• 

IX. IND IAN LANC 

It the facil i ty loca 

C YES-

JSHIiliHUli 
ted on Indian lands?.-. ^ ,;^ 

• 5p NOf;;y'« •.-.•*'.• r 
S 2 • • • . - ' . 1 T r - v ; . ' - - • • • • - -

X. EXISTING ENVIRONMENTAL PERMITS 

A. NPOES lOilc t iar tes to Surface Vfattri 
- - \ - ' \ 1 \ • • . 1 1 , 1 

•HNl 1 CA. 0 ,0 , 2, 4, 7 7 .3, 
" 1 u l " i " : 

I D. PSO lAir t m i s s t o n s / r o m p r o p o s e d Source j i 

' = 1 - ; . ^ • • • ' 1 ' 

•9 1 PI IN'one 
••' • " 1 " 1 " 1 " : ) i . 

. • . . • ; £ . * - ' : » / ^vS ; , ; . ; -

. ••-••J i ^ ' - i ^ V / . ' . ' ^ ^ 

B. UIC lUnder f rouna InjtCTion of Fluidsi 
C T 1 1 

3 ul 
: ; 1 1 1 1 I 1 : I ; 

V n n p . 

. . . | , . j „ ,. 

1 

1 1 = 1 •^ 

^ 
) a 1 1 1 >• 

e . O T H E R i tpeci fyi 

\ . . . 
1 1 

10 

. . . t . . 

Isptcify) 

• 

C 1 T 1 

3 R 

Luj 

c. RCRA ( H a t t r a o u t Wastes! 
1 1 1 1 1 1 1 1 1 1 1 

None . . . . 
• a 

1 c 
(9 

10 1 < 

I -

E. O T H E R ispectfy) 

isptcify) 
. . . . . . 

X I . MA*»^ 

Atuch to this application a topographic map of the area extending to at least one mile beyond property bounderies. Tha map must show-; -. 
tha outline of the facility, the location of each of io existing and proposed intake and discharge structures, each of its hazardous waste' v 
treatment, storage, or disposal facilities, and each well where it injects fluids underground. Include all springs, rivers andotheriSurficsL^-
water bodies in the map area. See instructions for precise requiremenu. . "Xr '^ ' 

X I I . NATURE OF BUSINESS Iprovidt a briaf aascript ionj\ 

GeneracioQ of eleccricity by combuscion of coal and oil. 

* Wansiev is jointly owned by Georgia Power Company, Oglethorpe 
Power Corporation, Municipal Electric Authority of Georgia, and 
the City of Dalton. 

X I I I . CERTIFICATION/SM/»»r/vcoov7#> 

/ Certify untiar penalty of law that I hava personally examined and am familiar with the information sutimitted in this application and ail -Q 
attachments and that, based on my inquiry of those persons immediately responsible for obtaining the Information contained in tha v 
application, I believe that tha information is true, accurate and complete. I am aware that there are significant panaltJas for submitting ^ 
false information, including the possibility of fine and imprisonment. ' .-. S-

A. NAMK * OPPICIAU TITLE f rypt or pr int) 

W.E.CWt,A:i^av<^«.. -^.M.R P^<», ^ ^ / / J f ^ f / c ^ < ^ t ^ t O L 
1. S IGNATURE 

• ' / 

C. OATE SlONKO 

) l ( | « ) f « 7 

, COMMENTS FOH OFF IC IAL USE ONLY 
I e I -f I '. t ' ' ' I I I I I I 

PA Fonn 35101 (6-801 R&VERSE 



II. FIRST OK RI.VIi;ED . A P H L I C A T I O . N 
JLILM u. 

I • ' 1»J I ^ W i I 

Place an " X " in tne anaroonate nox in A or B neiow i/naric one nox ani-/i to mcjicatc A/ntir.er t r s u I'.t first a:ii)iiC3tion vou arc suon-.ntmg tor youf facmtv oi 
reviseo aoDiication. if thu it vour f i r t t aoo te idon ana vou aireaav <nouv vour raciiitv s i-?A I.O. .'Jumoiir, or if :-ii$ i j a rev;jo3 aooi ic j t ion, enter your facil i ty' 
EPA I.D. ,Numt3er m item I acove. 

\ . F l R S T A P P L I C A T I O N fptaca an " X " !ieiouj and prouiaa i m aopropr ta ie aa i e i 
^ 1. EXISTING PACil-iTY iS.-e ir.irnicrif.nj for ael ini t ion of "exu l ing ' facility 
ri Cumpicctr Item tjwiow.t 

i uL 12 !4 

r o R E X I S T I N G F A C I C i r i e S P r i O V l O E T M E O A T E ' • r . - ' i n . , i d j y t 
O P E R A T I O N a e O A N O R T M E O A T E C O N S T R U C T I O N C O M M E N C E D 
(use tne ooxes to tnu leftt 

i _ j 2 . N e w PACII.1TY I C u m p l t l t Ham tielow.) 
" FOR NEW PACIUITI: 
_ _ ^ _ _ _ _ ^ _ ^ . ^ ^ PROVIOK THK OATI 
I • * i I " • - jAr I lyf tno.. A day) OPEi 
I I i I I I T I O N e K S A N O R I S 

I I ' I I e X P E C T K O T O B E S l L L , 
B. R E V I S E S A P P L I C A T I O N iplace an .\."' ^clouj ana comple te Item i aoouci 

1 . F A C I I - I T Y M A S I N T E R I M S T A T U S ' 2 . F A C I L I T Y M A S A R C R A P K R M I T 

IH. PROCESSES - CODES A.ND DESIGN CAPACITIES ':-r^:*i3.i:.:i-:,-i':^-^'(T':^>. 

A . PROCESS COOE — Enter tne coae from the list of process f o a e i oeiow tnat best aescnbes eacn orocess to oe useo at tne faci l i ty. T»n lines ara orovidao fo: 
entering cooes. If more lines are needed, enter the coaelsj m tna joace provided. If a orocess wi l l b t used tnat is not included in t h t list of codas baiow, tna 

. descrioa tne process l incluamg l a aesign capacity) in tne space provided on the form (I tem l l l -C) . 

a . PROCESS DESIGN CAPACITY - For eacn coda entered in column A enter the capacity of tne process. 
1. AMOUNT - Enter tne amount. 
2. UNIT OF MEASURE - For eacn amount entered in column 8(11, enter tne cooa f rom the list of unit measure codes below tnat describtt t h t uni t of 

measure used. Only tne units of measure tnat are iisteo oeiow snouid Pe useo. 

^agcsss. 

PRO­
CESS 

APPROPRIATE UNITS CF 
MEASUHE FOB PROCESS 

-.=.'; in.-jCA?ACiT--^ = q " C g 5 S 

PRO- APPROPRIATE UNITS OF 
CESS ,yEASURE FOR PROCESS 
C C n g DgSIGN C A P A r i T Y 

Storage: 
C O N T A I N E R H l O I T « i . d r S r ^ . S Z . ) 
T A N K L U ' - ) 

' W A S T E P I U E - - - ~ , l l . 

' — ' - - CD 
s u n r A c c I M P O U N O M K N T ^ — 

• - '-)J 
Oitposal: O r- -
I N J E C T I O N 
L A N O F I z : < ! ^ L l . . U 

L A N O A P P L I C A T I O N 
O C E A N D I S P O S A L 

S U R F A C E I M P O U N D M E N T 

U N I T O F MEASURE 

S O J - . i C A L L O f * S O R L I T E R S 
5 0 2 G A L L O N S O R L I T E R S 
S O J - ' ^ C U S I C Y A R O S . O R 

" ' C U B I C M E T E R S 
S O * . G A L L O N S O R L I T E R S 

0 7 9 G A L L O . M S O R L I T E R S 
D B O ' A C R E . 4 : C E T ( t h e u o l u m t t h a t 

" " urouiti cover one acre to a 
- , deptrt of one fnot i OR 
- ^ N E C T A R E - M E T E R 

• a i — A C R E S O R H E C T A R E S 
O a a ~ G A L L O N S P E R O A Y O R 

L I T E R S P E R O A Y 
o a a G A L L O N S O R L I T E R S 

Treatment: 
T A N K 

S U R F A C E I M P O U N D M E N T 

I N C I N E R A T O R 

OTMEH (Uie for physical , chcmicai , 
tnermat o r biotoeicai t r ea tmen t 
proee$t*$ n o t occurr inc in tanUs. 
l u r t aea i m p o u n d m e n t s o r mciitcr. 
a tor t . De tenOe ine p r n c e u e t m 
ttia tpaca p rov ided ; Hem Itl-C.) 

U N I T O F 
MEASURE 

CODE 
G A L L O N S G 
L I T E R S L 
C U B I C Y A R D S Y 
CUBIC METERS C 
C A U L O N S P E R O A Y U 

U N I T O F MEASURE 

U N I T O F 
MEASURE 

CODE 

G A L L O N S ^ K R D A V « l t 
L I T E R S P E R O A Y 
G A L L O N S P K R O A Y O R 
L I T E R S P E R O A Y 
T O N S P E R H O U R O R 
M E T R I C - T O N S P E R H O U R : 
G A L L O N S P E R H O U R O R 
L I T E R S P E R H O U R 

G A L L O N S P E R O A Y O R 
L I T E R S P K R O A Y 

U N I T C 
MEASUi 

L I T E R S P E R O A Y V 
T O N S P E R H O U R O 
M E T R I C T O N S P E R H O U R W 
G A L L O N S P E R H O U R E 
L I T E R S P E R H O U R H 

UNITOF MEASURE 
A C R C - F E E T 
H E C T A R E - M E T E R 
A C R E S 

CODE 

F 

a 

EXAMPLE FOB COMPLETING ITEM I I I (shown irt I ne numbers X-1 j n d X - 2 b e l b w ) : A facil i ty nas two storage tanks, one tank can nolo 200 gallons and tn 
otner can noid 400 gallons. The facil i ty also has an incinerator tnat can ourn up tp 20 gj l lons per nour. 

D U P 
LLI 

u 
IS 

tl 
- IZ 
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tfrom t t tn 
above) 
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-1 F O R 
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A. P R O ­
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C O O E 
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S O i l 800 G I 
7 I ! 

I 

T O 2 350 

i 1 

hr-
101 

EPA Form JS10-3 iS-SO) P A G E I O F 5 CONTINUE ON REVE. 



; (V DESCRIPTION OF HAZARDOUS WASTES ^ S S B B B ^ ' 
• A. EPA HAZARDOUS WASTE NUMBER — enter tne rour—oign nu.-noer i rom <;u Ci^R. Suuoart 0 tor eacn nsteo hazardous waste you wi i i nanoit. It vou 
i handit hazardous wastes which ara not usted m 40 CFR, Subpart 0 , enter tne four—digit numbaris) f rom 40 CFR, Subpart C that dtscnOtt t h t cn«ract«ri«* 

t i cs tna /o r tne toxic contaminanu of thosa hazardous wastes. 

B, ESTIMATED A N N U A L QUANTITY — For eacn l ined waste entered in column A estimate tne Quantity of that waste tnat will b« handled on an annual 
t^atlt, For eacn cnaracttrisTic or toxic contaminant encereo in column A estimate tne totai annual quant i ty of ail tha non—usted wai t t fx j tnat wi l l b« hanoitO 
wfi icn possass tnat cnaracteristic or contaminant. 

C. U N I T OF MEASURE — For eacn quanti ty entered in column 3 enter the unit of measure code. Units of measure wmch must Pt utad and th« aporopriata 

FNr . l ISH UNIT QF MFA.<;UHF 

TONS 

cnoF 

T 

••1ETRIC U N I T O F MEASURE cno£. 
KILOGRAMS . . 
METRIC TONS . 

, K 
M 

If facil ity records use any other unit of measure for quant i ty , tne units of measure must be converted Into one of tha required units of m ta tu r t taking in to 
account the appropriate density or specific gravity of the waste. 

PROCESSES 
1 . PROCESS CODES: 

_ r: For listad hazardous wasta: For eacfi l i i t t d hazardous waste entered in column A select the coceisi f rdm the list of proeesa codascontainad'. ini l t tm I I I 
. i ._- to indicate now the wat t t wi l l be stored, treated, and/or disposed of at the faci l i ty . 
.. '̂̂  For non—listtd hazardoua wastaa: For eacn characteristic or tox ic contaminant entered in column A , select tha codafiJ f rom tha.list of procan'Ctxtas 
. ' : • ' contained in Item I I I to indicate all t h t procesias that w i l l ba used to store, treat, ano/or disoosa of ali t h t non—listed nazardous waftastdiat-rposfatt. 
> * . that characteristic or toxic contaminant. 

Nota: Four spaces are provided for entering process codes. If more are needed: (1) Enter the first three as described abov*; 12} En t t r " 0 0 0 " in tha 
' ext remt rignt POX of Item lV-011): and (3) Enter in the space provided on page 4 , tne l i n t number and tne addit ionai caaa l t i . 

2. PROCESS DESCRIPTION: If a cooa i t not listed for a orocess tnat wi l l be used, describe t h t process in t h t soact provided on tha f o r m : 

NOTE: HAZARDOUS WASTES DESCRIBED BY MORE T H A N ONE EPA H A Z A R D O U S WASTE NUM3ER - Hazaroous wastes t f u t can ba datcrit iad by 
mora than one EPA Hazardous Waste Number snail be described on tne form as fol lows: 

1 . Select one of the EPA Hazardous Wasta Numoert and enter it in column A . On the same line complete cp iumnt B.C. and D by estimating ttia total annual 
quant i ty of tha waste anO describing all the processas to b t used to treat, store, and/or dispose of ttta wdsta. 

;' 2 . In column A of t h t n t x t l in t t n t t r t h t o t h t r EPA Hazardous Wastt Numot r that can ba utad to describt the wasta. In column D(2) on that litta antar 
"Included wi th above" and maka no o th t r tn t r ie * on tnat l ine. 

3. Rtoaat t teo 2 for each othar EPA HaurOou i Waata Numbar that can be uted to describe tha hazardous watte. 

EXAMPLE FOR COMPLETING ITEM IV (i/iotnm in l ine numbers X - 1 . X-2. X-3, anti X-4 below) - A faci l i ty wi l l treat and dispose of an et t imat td 900 oounds 
3er yaar of chrome shavings from lastltar unn ing and f in i th ing operat ion. In addi t ion, tne faci l i ty wi l l treat and disoosa of three non—listed wattas..Two wastes 
j re corrot iv t only and thert wi l l ba an astimatad 200 pounds oar year of each watte. The otner watta it corrotiva anO ignitaoia and thar* wi l l b t an a i t imatad 
lOOpoundt per year of that watta. Traatmant wi l l ba in an incinerator and disposal wi l l ba m a landfi l l . 

UJ 

J Z 

K-l 

K-2 

X-3 

X ^ 

A. E P A 
H A Z A R D . 

W A S T E N O 
(enter code) 

K 

D 

D 

0 

0 

0 

D\O 

5 

0 

0 

0 

4 

2 

1 

2 

B. E S T I M A T E D A N N U A L 
Q U A N T I T Y O F W A S T E 

900 

400 

100 

c. UNIT 
O F MEA­

SURE • 
(en te r 
cade t 

P 

P 

P 

D. P R O C E S S E S 

1. PROCESS COOES 
tenter) 

•I T -

T 0 S 

1 1 
T 0 3 

1 1 
T 0 3 
- \ V 

1 T 

D 3 0 
—r—r-
D 8 0 

D S 0 

r T-

; 1 

— I — I — 

1 1 

— [ — T ' -

1 1 1 1 

i 
1 ( r 1 • 

t . PROCESS OESCRIPTION 
(if a coda u no t a n t a r t d ii% O i l ) ) 

' 

included with above 
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Included With Above 
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Included With Above 

Included With Above 
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Included With Above 
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I I i 
V. FACILITY DRAWING 
All axisxinq laciiiiies must include in tne space provioed on page 5 a icaie drawing of the faci l i ty (see instructions tor mors aetaiit. 

VI. PHOTOGRAPHS 

AU'exisiing faciiities must incluae photograpnj (aerial or ground—level! that ciearly delineate all existing structures; existing storage, 
treatment and disposal areas: and sites of future storage, treatment or disposal areas (see instructions for more detail). 

Q A . If tne facility owner is also tha facil i ty operator as listed in Section V l l l on Form 1, "Ganarai In fo rmat ion" , place an " X " m t nabo j c t o i f ta laf t and-
"•. tk io to Section IX below. •.., r,.-: 

B. If the facility ownar is not the facil ity operatpr as l i t ted in Section V l l l on Form I , comolete tne fol lowing items: 

I. NAME OP P A C I L I T V S l . e C A I . OWMCR 2. PHONE NO. larcaeoan A no i 

! I I i l l 
T 

1. STREET OR P.O. BOX 

I 
«. CITV OR TOW^ t . ZIPCOOKc: 

Gi 
; i i II 
IX. OWNER CERTIFICATION^ • vf;i;:i*>>'t>MiA ;%5/J?^Si?^ii^«esr^^3t|r^v:i;i 
/ certify unoer penalty of law that I have personally examined and am familiar with the informjtion submitted in this and all attached 
documents, and that based on my inquiry of those individuals immediately responsible for otjtuining the information, I believe that the 
submitted information is true, accurate, and complete. I am aware that there are significant punaities for submitting falsa information, 
including tne possibility of fine and imprisonment. 

A. NAME iprinl o r lypet 

VJ • G. tK/a*A i par«> er 

a. SIGNA rv jRE 

'yfO^'/yU'UCi^A ^^ V' * '̂L. 

C. DATE SIGNKO 

X. OPERATOR CERTIFICATION -- i ' . ^ • ' •• v : -'i>»:'4»p*-'-'' .•^^'^7A;v^i»;42^?^saRv:Wi?sfc5i^Tj.^ ! r i - ^ \ . J 

/ certify under penalty of law that I have personally examined and am familiar with ttie information submitted in this and all attached 
documents, and that based on my inquiry of those individuals immediately responsible for obtaining the information, I believe that the 
submitted information is true, accurate, and complete, I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment. 

a. S I G N A T U R E I C. OATE SIGNED 
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Refer lO 
Fo nn No : 

1 

3 

1 

1 i 3 

3 

3 

Noti f . 
record 

n 

1 

3 

Interim Reculatorv Pecj'rsre.nts 

T/S/D'Facility? (If No, return to resporcent.} 

Form 1 received? 

Form 3 received? 

PosuT.arked on or before NGve.T:cer 19, 19S0? 

Date of operation entered? 

Date of operation on or before Nove.niber 19, 198Q? 

Notif ier? 

Notified on or before August 13, 1930? 

Form 1, XIII 3 signea? 

Form 3 , IX B Signed? 

your ir.v 
Yes r 

K 

f f 
(If all ten ite.ms above are in i t ia led in the Yes column, generate Interim Sta.tus 
Acknow]edge-Tjent and indicate the tr igger date here; , ., ] ^̂ ^ j ^ ^ ) 

PHASE VM / 

1 

3 

1 & 3 

1 i 3 

Unsure if regulated or non-regulated? 

New faci l i ty? 

Core items missing? If Yes, indicate which items: 

Facil i ty name - ; location ; mail address ; operator info ; 

cert if ication ; process info ; waste info ; owner ; sigs . 

PHASE THREE 

Non-core items missing? If Yes, indicate which items: 

Maps ; photos ; "drawings ; 1 at / long . 

Other observations and cctnnents: — 

I <1 I I u 

Prr.ig 
Date? 

Log out/Log in 
on revgpse -̂̂ ĵĝ  

^eceivea_pate SJLamp 

('st2nD~for::s a1$o^ 



REFERENCE 10 U-^cc^v-ilwy 

apartment txi 5Cirfurai ^csourcBS 
E N V I R O N M E N T A L P R O T E C T I O N D I V I S I O N 

270 WASHINGTON STREET S W 
JOE D. TANNER ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 3 ^ 3 3 ^ 

Ccmrrmttonwr 

Auqust 15, 1983 
J LEONARD LEDBETTER "uyuoi , ±^ , J .^^^ 

Division Director 

Mr. D- N. MacLemore, Jr. 
Vice President and Chief Engineer 
Power Supply Engineering and Services 
Georgia Power Company 
P. 0. Box A5A5 
Atlanta, Georgia 30302 

RE: Request for Facility Status Changes for 
Georgia Power Plants Bowen, Branch 
Hammond, Hatch, McDonough/Atkinson 
McManus, Mitchell, Scherer, Vogtle 
Wansley and Yates 

FILE copy 

Dear Mr. MacLemore: 

This will acknowledge receipt of your request for withdrawal of your 
application for a Hazardous waste Facility permit. 

Based on the information provided, withdrawal of your application is 
warranted and your permit application has been placed in our inactive 
files. 

Please be advised that withdrawal of your permit application 
invalidates any variance that you received to continue existing hazardous 
waste treatment storage or disposal during the permit review process and 
that based on our concurrence with your withdrawal request, the Federal 
Environmental Protection Agency will terminate your facility's interim 
status. 

Should you wish to treat, store, or dispose of hazardous waste in the 
future, it will be necessary that a hazardous waste handling permit be 
issued, prior to the construction of such facilities, under authority of 
Section 8 of the Georgia Hazardous Waste Management Act and paragraphs 
.10 and .11 of Georgia's Rules for Hazardous Waste Management, Chapter 
391-3-11. 

If further clarification is needed on this matter, please feel free 
to contact Ms. Margaret Markey at 40A/656-7802. 

Sincerely, 

John D. Taylor, dr., Program Manager 
Industrial 4 Hazardous Waste 

Management Program 
XT:mit) 
cc: James H. Scarbrough 

File: Ga. Power (Y) 

AN A F F I R M A T I V E ACTION/EQUAL EMPLOYMENT OPPORTUNITY EMPLOYER 
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GEOLOGY OF THE GREATER ATLANTA REGION 
Keith I. McConnell and Charlotte E. Abrams 

ABSTRACT 

The oldest rocks present in the Greater Atlanta Region 
(i.e.. Corbin Gneiss Complex) are exposed in the crest of the 
Salem Church anticlinorium, a major northeast trending fold 
in the Blue Ridge portion ofthe study area. Nonconformably 
overlying these 1 b.y.-old Grenville gneisses are metasedi-
mentary rocks of the Pinelog and Wilhite Formations. These 
two formations are interpreted as lithostratigraphic equi­
valents of units within the late Precambrian Snowbird and 
Walden Creek Groups of the Ocoee Supergroup. Strati-
graphically above the Wilhite Formation is a metamorphosed 
clastic sequence that is interpreted as a lithostratigraphic 
equivalent of the Great Smoky Group as defined to the 
northeast of the study area. Rocks of the Murphy belt group 
are exposed in the Murphy synclinorium conformably above 
the Great Smoky Group. The Murphy belt group is composed 
predominantly of a metamorphosed succession of clastic rocks 
and also includes the Murphy Marble. The Murphy belt group 
does not extend southwest of the Murphy synclinorium east of 
Cartersville; however, rocks of the Great Smoky Group trend 
around the reentrant in the Cartersville fault into what is 
referred to as the Talladega belt. Units of the Talladega belt in 
this area are at least partially equivalent to the Ocoee 
Supergroup and therefore are late Precambrian in age. 

Lithologic units of the Blue Ridge are separated from the 
rocks of the northern Piedmont by the Allatoona fault. The 
northern Piedmont can be divided into two major lithologic 
units. New Georgia and Sandy Springs Groups. The New 
Georgia Group is interpreted to contain the oldest units in this 
portion of the northern Piedmont and is characterized by a 
metamorphosed sequence of predominantly felsic and mafic 
volcanic and plutonic lithologies. The Sandy Springs Group is 
interpreted to conformably overlie the New CJeorgia Group 
and is composed dominantly of interlayered metavolcanic and 
metasedimentary rocks with a decreasing metavolcanic 
component upward in the stratigraphic sequence. Eastern 
and western belts of the Sandy Springs Group are separated 
by the Chattahoochee fault, a major tectonic boundary in the 
northern Piedmont. 

Northern Piedmont rocks are separated from similar 
lithologies and stratigraphic sequences in the southern 
Piedmont by the Brevard fault zone. In the Greater Atlanta 
Regional Map area, the Brevard zone is a zone of early ductile 
and late, brittle shearing that is interpreted to have formed, at 
least in part, as a result of high strain along the axial zone of a 
large Fj isocline. No major vertical displacement is apparent 
along this segment of the Brevard zone. 

South of the Brevard fault zone, units defined as Atlanta 
Group by previous workers are interpreted in this report to be 
exposed in a large-scale synformal anticline. The Atlanta 
Group is characterized by metamorphosed sedimentary and 
volcanic rocks that have many similarities to lithologies north 

of the Brevard zone. Possible correlations between the Atlanta 
Group and the New Georgia and Sandy Springs Groups are 
presented in this report. 

Paleozoic plutonic rocks present within the Greater 
Atlanta Regional Map area are divided into three major 
categories based upon chemical composition, depth of intrusion 
and time of intrusion relative to Paleozoic metamorphism. 
Earliest (category 1) intrusions were emplaced at shallow 
levels coincident with volcanism, are concordant to the regional 
trend, and are characterized by dacitic subvolcanic plutons 
and volcanics. Category 2 plutons were intruded syntec-
tonically, at an intermediate level in the crust, and are 
characterized by moderately high concentrations of potassium, 
nearly concordant contacts with the country rocks and a lack 
of any association with volcanism. Both category 1 and 2 
plutons have a metamorphic overprint. The final category of 
Paleozoic intrusive rocks present in the study area is domi­
nantly granitic in composition, lacks a metamorphic overprint, 
is discordant to the regional trend and does not have a volcanic 
component. Plutons of category 3 are known to occur only 
south of the Brevard fault zone. 

Two major regional progressive metamorphic events and 
seven deformational events have been recognized in the study 
area. The earliest deformation and metamorphism recognized 
occurred during the Grenville orogeny (approximately 1,0(X) 
m.y. ago) and is reflected only in basement gneisses of the Blue 
Ridge. The second metamorphic event is interpreted to have 
occurred approximately 365 m.y. ago and was associated with 
a major episode of isoclinal recumbent folding (Fj). Axial 
planar foliation (S^) associated with this fold event represents 
the dominant planar feature in crystalline rocks of the area. 
Folds related to this deformation have not been recognized 
within the Valley and Ridge west of the Cartersville fault, 
partially supporting the existence of the fault east of 
Cartersville. Fg folding postdated Paleozoic metamorphism 
and is responsible for the geometry of outcrop patterns in the 
Greater Atlanta Region. Subsequent folding events (Fg and 
F^) interfere with earlier fold patterns and complicate outcrop 
patterns of map units. 

Twenty-eight commodities have been mined or prospected 
within the boundaries of the Greater Atlanta Regional Map. 
Of these various commodities only barite. ocher, sand, granite 
(dimension stone and crushed), limestone, structural clays, 
and marble are still being mined. Areas of extensive mining 
and (or) prospecting include the limestone, bauxite, and shale 
deposits of Floyd and Polk Counties: barite, ocher. iron and 
manganese deposits of the Cartersville district: volcanogenic 
massive sulfide and gold deposits in the northern Piedmont: 
and crushed arid dimension stone from quarries in the Stone 
Mountain. Panola, Palmetto, and Ben Hill Granites and 
Lithonia Gneiss south of the Brevard fault zone and in the 
Austell, Sand Hill, Kennesawand Dallas gneisses north ofthe 
Brevard zone. 



ACKNOWLEDGEMENTS 

The Atlanta Regional Map project involved many former 
and present day members of the Georgia Geologic Survey. 
Special recognition should go to Samuel M. Pickering, Jr.. 
former State Geologist, who originated the Atlanta Regional 
Map project and to Joseph B. Murray and David E. Lawton 
who supervised the initial stages of this investigation. Also, we 
Aould like to recognize several former members of the 
Georgia Survey who, since their departure, have given support 
and guidance in the various areas that they worked. These 
include John 0. Costello, Falma J. Moye, and Robert E. 
Dooley. In addition, we sincerely appreciate the support and 
assistance given to us by representatives of the mineral 
industry. In particular, theeffortsof Randy Slater of Tennessee 
Chemical Corporation in gaining access to core from western 
Georgia was particularly helpful. Other members of the 
mineral industry who have assisted us through discussions 
and chemical analyses will, at their own request, remain 
anonymous. Outside technical review of the manuscript was 
by Robert D. Hatcher, Jr.. James F. Tull. and James A. 
Whitney. Stan D. Bearden reviewed the mineral location map 
for the Cartersville district. Finally, we would like to express 
our appreciation to Gilles 0. Allard and Robert H. Carpenter 
for their reviews of the economic geology portion of the 
Greater Atlanta Regional Map report and for their assistance 
and guidance in our efforts to understand and promote the ore 
deposits of west Georgia. 

INTRODUCTION 

Purpose and Methods 

This report presents results of the Greater Atlanta 
Regional Map project, an effort to develop a comprehensive 
geologic data base for the rapidly growing Atlanta metro­
politan area. The primary objective of the Atlanta Regional 
Map project was to provide a compilation and synthesis of 
existing and newly derived geologic information for the 
Greater Atlanta Regional Map area for use by private industry, 
thegeneral public, and the geological community. A secondary 
objective of this project was to compile a single-source listing 
and map of mines and prospects in the Atlanta area primarily 
for use by the mineral industry. When aspects of mapping 
related to the Greater Atlanta Regional Map project generated 
interest from within the mineral exploration community, the 
economic part of the project was expanded to include a 
detailed examination of the origin of base and precious metal 
deposits in the Atlanta area. 

The base used for the above-mentioned compilations is the 
map of the Greater Atlanta Region. The Atlanta map WEIS the 
first of a new series of 1:100,000 scale topographic maps 
produced by the U.S. Geological Survey. Unlike 1:100.000 
scale maps that fol lowed it, the Greater Atlanta Regional Map 
was not in the 1° of longitude format. The Greater Atlanta 
Regional Map encompasses 1 degree, 30 minutes longitude 
and 1 degree of latitude and is centered on the city of Atlanta 
(Fig. 1). Ninety-six 7.5-minute quadrangles are contained 
within the boundaries of the Greater Atlanta Regional Map 
(Fig. 1) as are portions of three major geologic provinces (i.e.. 
Valley and Ridge, Blue Ridge, and Piedmont). 

To produce a geologic map of an area as large as that 
contained within the Greater Atlanta Regional Map requires 
an enormous amount of time and money. For that reason, 
existing geologic literature was reviewed in an effort to find 
suitable geologic mapping for compilation. Some information 
used in compilation of the geologic map of the study area (Plate 
I) was available as open-file maps at the Georgia (Jeologic 
Survey. Geologic information also was available from various 
hydrologic reports and nearly all of the Valley and Ridge 
portion of the Greater Atlanta Regional Map was compiled 
from these hydrologic maps. 

At the start of this project much of the Blue Ridge and 
Piedmont contained within the boundaries of the Greater 
Atlanta Regional Map lacked adequate geologic mapping. A 
major task of the Greater Atlanta Region project was to 
provide mapping for these areas. In a cooperative effort, 
members of the Georgia Geologic Survey, U.S. CJeological 
Survey and the University System of Georgia performed 
detailed and reconnaissance geologic mapping on 7.5-minute 
base maps. Detailed mappinggenerally was reserved for those 
areas that were exceedingly complex structurally or were of 
potential economic significance. Detailed petrographic studies 
were limited to the formal definition of specific lithologic 
units. Many of these petrographic studies were included in 
derivative reports and investigations. Chemical analyses of 
rocks were restricted to selected units. Most of the analytical 
work reported in this investigation was performed in labora­
tories of the Georgia Geologic Survey and U.S. Geological 
Survey, although some analytical work on potentially 
economically significant units was provided by several mineral 
exploration companies. 

Any compilation of data from multiple sources requires 
compromises in the handling of differing interpretations and 
mapping detail in adjacently mapped areas. Also, all areas 
could not be mapped to the degree that would provide a 
complete and solid data base for interpretation. This report 
contains examplesof all of these compromises and constraints. 
In particular, all areas within the study area were not mapped 
to the same degree of detail (see Appendix D) and, therefore, 
some compromises regarding lithostratigraphic contacts were 
necessary. In addition, controversial areas for which more 
than one interpretation of the geology existed required a 
judgement as to which interpretation was to be used on the 
compilation. Justification for the interpretations used are 
included within the text of this report. 

Belt Terminology 

Any author of a regional report on the geology of crystal­
line rocks in the southeast almost immediately encounters the 
problems related to the "belt" terminology which is commonly. 
used to define the major rock groupings as long, linear belts. 
Although there is almost universal dislike for the "belt" 
terminology, terms such as Blue Ridge, Inner Piedmont, 
Talladega, etc., have become entrenched in the literature and 
in the minds of Appalachian geologists. The use of these terms 
has almost become an obligatory part of any manuscript 
written on the southern Appalachian orogen. Faced with these 
entrenched terms, authors of reports on crystalline rocks in 
the southeast must select one of four alternatives when 
preparing a manuscript: 1) using the belt classification of 
either Crickmay (1952) or King (1955): 2) using a previously 
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McConnell and Costello, 1982). 
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Table 4. Proposed correlation chart of Htholo^c units in the Alabama, 
Georgia and South Carolina Piedmont. 
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facing criteria, and (or) fossils, this interpretation relies in 
part on the lithologic similarities between rocks of the Sandy 
Springs Group and Tallulah Falls Formation defined in 
northeastern Georgia by Hatcher (1971a). The similarities 
between these two sequences have been noted by many 
geologists (Hatcher, 1974, 1975; Higgins and McConnell, 
1978a; Gillon, 1982). The stratigraphic interpretation pre­
sented herein is also in part dependent on Hatcher's (1971a, 
1974) interpretation of an unconformable contact between 
Grenville basement and the Tallulah Falls Formation. 

New Georgia Group 

Rocks of the New Georgia Group (Abrams and McConnell, 
1981a) form an irregular belt that extends from the Bremen 
area on the west northeastward to Canton where the belt 
narrows considerably and continues northeastward to at least 
the Dahlonega area, forming the "Dahlonega gold belt" (Fig. 
11). The outcrop belt of the New Georgia Group, which is at 
least 130 mi. long and. at its widest, is 17 mi. wide, contains 
most of the base and precious metal deposits in the Greater 
Atlanta Regional Map area. New Georgia Group rocks are 
e.xposed in the core of a large-scale second-generation synform 
that plunges to the northeast. The base of the New Georgia 
Group is not exposed and its exact thickness is unknown. 
Sandy Springs Group (eastern belt) rocks are in fault contact 
with the New Georgia Group along the Chattahoochee and 
Blairs Bridge faults in the eastern and northern part of the 
belt (Plate I and Fig. 11). The contact between the Sandy 
Springs Group (western belt) and New Georgia Group near 
Villa Rica is gradational and this gradation is expressed by 
the apparent waning of volcanic activity as time progressed. 

The New Georgia Group is characterized by the dominance of 
metavolcanic rocks over metasedimentary rocks. On the other 
hand, the Sandy Springs Group is dominantly metasedi­
mentary and contains a steadily decreasing volcanic com­
ponent upward. 

That part of the New (Georgia Group that is exposed in the 
study area is composed of an intermingled sequence of 
metamorphosed felsic and mafic volcanic and subvolcanic 
rocks, plutonic rocks and a proportionally smaller amount of 
sedimentary rocks. At least two cycles of volcanism are 
recognizable in the New Georgia Group, but the scarcity of 
distinct volcanic textures due to metamorphic overprinting 
and deformation limits the accuracy of estimates regarding 
the exact proportions of felsic to mafic volcanic material in 
these cycles. The obliteration of original sedimentary or 
volcanic textures during metamorphism and intense 
deformation and complexities within the original volcanic pile 
combine to make definition of internal stratigraphy in the 
New CJeorgia Group very difficult. However, portions of the 
New Georgia Group are relatively well known and provide 
some understanding of the stratigraphy of the group. Two 
areas studied in detail occur on the borders of the New (Georgia 
Group outcrop belt. Lithologic units in these areas are the Mud 
Creek Formation in the Villa Rica area to the southwest and 
the Pumpkinvine Creek Formation to the northeast. A third 
formation in which some idea of internal stratigraphy of the 
New Georgia Group can be ascertained is in the Univeter 
Formation located near the center of the outcrop belt of the 
New Georgia Group (Fig. 11). 

In the vicinity of Villa Rica. Abrams and McConnell 
(1981a) were able to define the Mud Creek Formation of the 
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McConnell (1981a) also considered these rocks as well as most 
rocks in the Austell-Frolona antiform to be equivalent to the 

-->; Sandy Springs Group, but tempered this interpretation due to 
. the still preliminary mapping in the area. The term Rooster-
- ville group was informally introduced to define these rocks 

present in the Austell-Frolona antiform (McConnell and 
Costello. 1980b). In this report, we consider rocks present in 
the Austell-Frolona antiform and conformably above the 
New Georgia Group as equivalent to the Sandy Springs Group 
and have abandoned the term Roosterville group. These rocks 
are now interpreted as a western belt of the Sandy Springs 
Group due to lithologic and stratigraphic similarities. The 
eastern belt of the Sandy Springs Group is that defined by 
Higgins and McConnell (1978a. 1978b). These units are 

.. separated by the Chattahoochee-Blairs Bridge fault system. 
The Chattahoochee fault was originally defined by Hurst 

(1973) as marking the western contact of the Sandy Springs 
Group. In subsequent reports. McConnell and Abrams (1978. 
1982a) redefined the trace of the Chattahoochee fault, but still 
recognized it as representing the western and northern 
boundary of the Sandy Springs Group (eastern belt) for most 
of its length (Plate I). From a point just north of Austell. 
northward and then northeastward through the northeastern 

" part of Greater Atlanta Region (Plate I), rocks of the Sandy 
Springs Group are thrust over New Georgia Group rocks 
along the Chattahoochee fault (McConnell and Abrams, 1982a). 

The outcrop pattern at Austell was interpreted to indicate that 
the Chattahoochee thrust plate was overridden by rocks on the 
Blairs Bridge thrust plate (McConnell and Abrams, 1978). 

Sandy Spring:s Group (eastern belt). The Sandy 
Springs Group is the most areally extensive rock group in the 
northern Piedmont. In his report, Higgins (1966) indicated 
that the Sandy Springs sequence terminated at the Brevard 
fault zone. However, in recent years it has become apparent 
that Sandy Springs Group rocks occur on either side of the 
Brevard zone(Kline, 1980.1981: McConnell, 1980b; McConnell 
and Abrams, 1982a), This interpretation is consistent with the 
observations of Crawford and Medlin (1974) to the southwest 
and Hatcher (1972,1978b) to the northeast. 

As defined by Higgins and McConnell (1978a), the Sandy 
Springs Group consists of four formations (Table 10): Powers 
Ferry Formation, Chattahoochee Palisades Quartzite, Factory 
Shoals Formation, and Rottenwood Creek Quartzite. Subse­
quent work in the type area of the Sandy Springs Group 
indicates that the Chattahoochee Palisades Quartzite and 
Rottenwood Creek Quartzite are exposed parts of a single unit 
that is repeated by folding. Minor lithologic variations between 
the two units are attributable to facies changes within the unit. 
Therefore, the upper quartzite unit (Rottenwood Creek 
Quartzite) of the Sandy Springs Group is abandoned in this 
report and those rocks previously defined as Rottenwood 
Creek are correlated with the Chattahoochee Palisades 
Quartzite. 

Table 10. Correlation chart of the Sandy Springs Group, eastern and western belts. 
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Ground Water of the Piedmont and Blue Ridge Provinces 
in the Southeastern Stotes 

By H- E l a G r o n d 

cacjuMD wATia c* nm raDMONT AK> t tut iixici movwcu m u)ui>«AtTt«H STATBI 

ra t ing «alu*. For • • a m p i * . t h * fo l lowint lopo-
graphic condit ion* mr* aaal fn td point valu**.-

. rawar >Aiiii icm ton T M O I M I * 
.o.l.;.«'-i.>>.» 10 11 

CHMucTU or I 

MIROOUCTKM 

Thia c i rcu la r aummarlaaa t h * tvid*rground 
walar coodltlona In I h * P I * *aon l and B lu * 
Rldg* pra«l»c«a o l Iha Southaaatarn Staua— 
tha raglon ahown on t h * gaologic map (f ig. 11. 

Thar* ara aavaral waya o l d*«*loplng watar 
f r o m l b * ground In I h i * r*gida. In * a r l l * r dajr* 
aprlnga war* uaad bfcaua* tbay ara ccMnmon 
In coraa or on lowland alopaa. Atmoat al i 
ap r l i ^a In t h * raglon yield balw**a | to 3 gal ­
lon* por ralmila and raral j r ahow a algnll tcani 
daclIlM In r i a l d during dry waath*r. Dug we l l * 
war* common In Ih * pa* l , bul lh*y ar* baing 
r*p lac*d by bored and dr l l lad wclla. Bored 
walla. I lka dug wel l * , are aa much aa 2 feel In 

EXPLANATION 

ri*w« I.-CaMwUM*m^mt. a^e. 
M * w w a B a ^ a a a ««cjs aaa Wwat M 
• d U aaaaa WA* aaaaa «aaa«at« b^ Trtawaa 

dlamatar and ara commonly l ined with con-
cra ia or l a r r a eotia plpa: I M a * walla do not 
a i tand Into hard rock and go dry 1/ tha walar 
labia fatia balow Uaaballam ot tha wal l . DrIUad 
walla, which ara aa« Oia m a « eoomon wmrea 
of grouad-walar eufp ly and wtiich a r a t h * eblaf 
concern of Uda rapor t , bra canad lo Iha bard 
rock and astand • • open holaa Into tb* rock. 
Allhough bonM d r l l l ad wal ls ara aa amal l t a 
t Inchaa In dlamatar and olhara a r * aa larga 
aa 10 Inchaa, I h * moat common a l i a la about 
S or • (nrliaa. Almoat avary wall In racaol 
yaara haa baan proper ly condlructad lo p re ­
vent water on Iha gronnd f rom rwai log down 
the outalde of t h * caatng Into tha wel l . 

IVALUATMC UTES 

A epeclal attampl la made lo help thoae who 
are Intareatad In the ylelda ot walla. Sacauaa 
yielda of hidl«ldual walla In the region eery 
greatly wi thin dialancaa aa abort aa 100 feel , 
aallmalea of potanl lal y i e ld * of proapacllve 
walla ara di f f icul t lo maka. Tbla fact haa U d 
rr*quemly lo walar aliorlagea, a«ca*al«a coata, 
Inconvenlenc**, o r undue analely In many 
caaaa- Ae tbe y ie ld of a wa l l lo ua|iredlcl«bls. 
the neat beet approach la to atteinpl to ahow. 
on a percentage beat*, the chance (or a certain 
y ie ld f rom a wa l l for dI f fareM condiliona. 

Although n u n y factors determine tbe yield 
of a wa l l , two grooad coadlt lons, when asad to ­
gether, a a n e as a good Inde i for re l ing a well 
eUe. Thaee condltlone are topography and aoll 
thicknaaa. The re l lnga are baaed on the (o l -
lowlng atatemaol: H Igh-y le ldbv we l l * are 
common where th ick raelduat eoUa and re la ­
t ively low topographic araea are combined 
and low -yielding wel la ara common where Ihia 
eoUe and hl l l topa are combined. By eompartag 
condltlone of a a l U eccording to the topo-
t raphtc and aoU condltlone one teta a relat ive 

I * O M « te l a i ^ aaw^MM aaaa 

Figure t ahowa vaiuee for certa in topo­
graphic eondilions. Flgara 1 ahowa rat ing 
valnee for eol l thlckneaa. The eoi l tone In 
Ihia report Includaa Ihe normal aolla and alao 
l b * re lat ive ly eoft or weathered rock. The 
topographic cnodlllane and eoll c<ndltlana ara 
aeparalaly rated, and the polnta tor each ara 
added lo gel Ihe total polnta which may ba 
need In table I to rata a al t* . 

Uaing two well allea, A and B. aa etemplea, 
we can evaluate aach as to the potential yield 
ot a wal l . Sua 4 , a pronounced rounded upland 
(4.polnt rat ing for topography in f ig. 31 having 
a re lat ively Ihui aoll )•• point rat ing lor eoll 
character is t ic In f ig. 31, haa a total of 10 
polnta. In table 1 Ih * average yield for j l t e A 
la • gpm (gallona par minutal. Thia alle haa a 
0&-parcent chance of yielding 3 gpm and a 40-
percent chance o l y t a l d l i ^ 10 gpm. Sue 8, a 

«A' 

• JL 

42 * , 

T«kl* l _ U i < ef auncncal falHit *t *<11 " l< " f l l i neu 
At f t t t tm cbaacc af lacct l l ef a well 

I Data ere baaed on maalmum depth of 300 feet 
or maalmum drawdown of water level of 
about SOO feet. No Interference f rom pump­
ing la aaaumed. Nhimerlcal rat ing la obtakn-
ed by adding rat ing In polnta for lopotraphy 
and eoil lhlckneae| 

r a W ^ a m a a * . 
wiawi I e i | l 
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draw or alight aag In topography ( I I - po in t 
ra i lng l having a modarately thick eoU ( I I -
polnt ra i lngl ,baa a total ot M polnta, an aver­
age y ie ld of SO gpm, snd a T3-parcaid chance 
of yielding IS gpm. Rsterr lng to f igure 4. we 
eee Ihat Iha lO-polnl al le haa leee than I 
chance In 10 e< yielding 40 gpm whereaa Iha 
30-polnl a l l * has batter than an even chance 
of yielding 40 ( p m . 

Some lopagrephlc condlllana of Iha region 
and a lew t o p o f r ^ h l c rattaga ere ebnwn In 
f igure ». Wella localed oa concave elopee are 
commonly mere prodaetlve dian welle m> con-
vea elapse or s l r s l # « slapea. Broad biH al lg l i l 
concave slopee nesr ssddiss la gently roUlag 
upland arees ara s^ae laUy f s o d eltea fs r po­
tent ial ly h lgh-y teMag wal ls. On Itw othar 
hamt aUep V-abapad valleya ot tba gul ly lype 
may not be especial ly (and allee. and they 
should be avoided If surfsca drslnsga near the 
well la ao poor Ihat coatamlnatlon la poeelble. 

Mora di f f icul ty ia l ike ly tn occar In ra t ing 
character o l aoll and rock than In rat ing 

camsB wATiB or rat twouan um tuM 
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topography. BvaryoBe ehonld be able lo de-
le rmlna by obaervailan If the eel l U Uihi (leee 
than T aol l end rock polaAe aa ibu an In f igure 
• I end U OM sou U fa i r l y thick (more than 10 
aol l snd rack polalal , bul tbe InlermedUle 
ratbiga ara dUflei i l l to maka. It the sbeerver 
le unaara ot the aoU and rack rat lag above Iha 
l -po la t l lb in aoUl vslus ba may cbooae a 10-
polnt vahM for Ibe al le with aaaaranca thel ha 
le f a i r l y cor rac t . IMUts quarts ot f l M . which 
occurs as vstns and ss rock Iragmenle on I t e 
ground, le not considered a trwa rock fe> this 
report becsaaa It peralela in the aol l lone: a 
quarts vela la many caaee le ceaeldered to be 
s sl lghUy Isvorabla Indication ot a good wall 
a l io. 

I l i a Buoaarlcal ra t ing ayetem la not latandad 
to be precise. Oke pereon may rata a par t le-
a lar alta a l I t petals, wberaea aai i l ln i pareee 
may ra ts l i s i IT poInU; siacb s a a a l l dUlar-
ence tai raHag woaU m t be atlalaadbig. A l -
moet everyone's r s t l ag w i l l be wHkIa S polnta 
of an avarsge rs t lag for a al le. 

rCLO 

The t e rm ' y i e l d * le not defkilte bat la the 
reported capacity a l a wel l ta prodaca water, 
general ly dorlag a abort p imp ing leet. The 
water level la a weU wlU e l A l l U e If a cerU la 
l im i ted y ie ld er w i t t d raws l at water la a u l a -
lalnad; however, a greater w l tbAawal ar y ie ld 
w i l l canae tbe water level lo ta l l , bi many 
caaee tbe weter level eonttamea lo fa l l unti l 
tha pumping Mope eo Ihat coBtlaaaua pumping 
would reaul l bi a amsl ler y ie ld t h a i Ihat es t i ­
mated ear l ie r . The percentage of relat ive 
y ield la not d i rec t ly proporl lonnle to Ihe per­
centage of drswdowB ot lbs water level, bul the 

HBO! raovacu a* tatfnaAtriBN STATU 

greater parcenta|e of yield le reached before 
the greeler percentage of drawdown. Figure 7 
ahowa an approalmala ralat l tm of drawdown to 
y ield lor an average wel l in the region. Note 
thai Ihs yield-(b-awdown relatlonehipe at a l l 
welle He within Iha ahadad sane end that aver­
age condiliona occur on or near Ibe heevy 
l ine. A* an aaampla o l Ihe relat ion between 
yield and drawdown, wa may cenaldar a wall 
I M leet deep having a a ta tu water level ot 10 
feet bekiw land eurface. (See f ig . I J I b l a wel l 
ylelda 40 gpm wi lh a pumping level at a depth 
of nearly 120 feet; tha pump might batter be 
eat at IIO feet (90 percent of drawdoem or half 
the thlckneaa ot Ihe walar l where aboul M gpm 
or 00 percent ot Ihe relative y ield coold be 
reellaed. (t le unneceaaary m d nnaconomlca] 
to lower tha water level ct a wal l to a poall lon 
near tha bottom unlaea the yield (a ao poor 
that the walar atored In the well la needed. 

There la no aimple dafbi l t lon of Ihe yield of 
a wall—eapeclelly In Iha Blue Ridge and Pied­
mont provlncea. YIelde for varloua levele of 
the watar in Ihe pumped well are rare ly 
known. The ylalde in thle report are conald-
ered lo be elendard for walla about 300 feel 
deep which ara punapad about 11 houra eech 
day and In which drawdown of the walar level 
is about 200 feet; It la aaeumed that there ia 
no Interference by pumping f rom other welle, 
which would Increaae drawdown. 
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DCPTN o r WELLS 

How deep alMiuld a wal l be drIUedy Thle 
iiueetloa le not eaay to answer tor ea Individ­
ual welL k> meal placee fractarae la tba rock 
gel smal ler aad fewer w l t t depth aad deep 
d r i l l i ng BMy aot ba economical. Figure i 
elnars lbs percenlege at total y ie ld for cerUIn 
depthe tn an average weU. 

Tbe lo l lowing tbble ehowe tbe percenlaie of 
welle that reach their maalmam ylelde at cer -
tain depthe below arhlch dr l lUag ie ueeleae. Aa 

•a 
1 * 

moat of Ihe bderciamarl lag Rreelaree occur la 
a sone no deeper Ikaa I W feet below the lead 
surface. I I may be a lso to d r i l l ne deeper than 
ISO feet If Ibe y ie ld U very poor, or ae deeper 
than 100 feet in atmoat a l l cssss. 

PRACTUKI M THE ROCK 

Figure 10 Ulus l rs tss sta diftarant f racture 
patteras tn rocks p s M t r s U d by wsl ls . To 
s impl i fy Ika t U a a l r a l t a u Om water table and 
•eU thickness ara canalderad aa l lo rm. and 
each wel l , eaaed lo M leet. la ISO feet deep. 
Tbe approslmale wimfiar at tUaea each gaa-
• r a l p a t e r a et f ractarae oceara U 100 wella 
la a t i o m la peroealaga kaaasWi each type. 
« s U A penetrstss ao f ractarae balow the caa-
lag: Iberelere, dw weU ytelda ao waUr . WeU 
t penetrates a f rsc la ra sons U which two or 
mare Irectaree oecor s few fsa* below l lw 
eas i ly . TMa lype at wel l la commnn I I may 
y ie ld aa mach aa I * to M gpm Ier a per iod at 
several rabnrtae unt i l tte f ractarae ere A-ala-
ed. Then Us y ls id wlU l l ks ly dscUae eadden-
ly. and tba amoani ot deelbte wUl depend upon 
Iha amount ot water t rsnsmi t tsd to tba wa l l by 
Iha aoU and tba imderlytng tbla aoaa at f rac ­
tured rock. TTiat pa(4 ef Ibe weU below tbe 
f racture aone conlrlbirtee no weUr and acta 
only ae a alorage reaerva l r Into which wr ie r 
dralne. The y ie ld ot thle weU doee not In ­
creaae wi lh increased drawdown. Wall C pen-
elralee only one f racture, a larga one naer the 

i 
nowa ie . - i * i w*«rf r*>e n a«i i i i ^ a i a n rf 

bM^PW mm Wtaaaaa * • y M * rf waNa. Tta a^plae fmrn^m 
awavaHa arfi a ^ arfa Ma*i * a aUAea Itee U * a awaw «*la. 
T i a a a ^ M r f aaeaMav rf n a J S b n w w a w b A w M t a f v -

top of Ihe freeh rock. Thia wel l la almUer lo 
well >. U may yield conaldarable watar lor a 
lew minutca unti l the atored watar In the f ree-
>ure la drained. The peramla l y i a l ^ under 
conllnuoue pumping w i l l depend on tbe per-
maablluy of the aoll and weathered rock and 
an the amount of water Ibat la releaaed to Ihe 
fracture. WeU 0 peaelratoe eeveral fraarturae, 
which conlr lbuie a a u l l amnaala at water, and 
a larga f racture at s dspUi at Aoait M feet. 
WeU I penetratae ssveral smsU - lo medium-
alsad fracturaa. Tbeee fractarae are larger 
and more cloeely apaced in the upper part ot 
Uie bedrock. Well t penetralea mdy one f rac­
ture—a large one below a depth of MO feet. 

•ATER TAt lE 

The water lable, or upper eurface ot Ihe un-
dergroamd reeervolr . contlmMuely fluctuate* 
and raf lacle changea In underground alorage. 
During droughte we ee* evidence of a fal l ing 
watar lable when many ehallow walla go dry. 
Wa alao can detect a lowering of Ihe walar 
lable toeaUy around welle f rom which water 
Is pumfied. There is a continual diacharga of 
ground water by aeapage into riraama. by 
evaporation, and by Iranaplral lon through veg-
atatlon. Tha diacharge cauaea a gradual low­
er ing of Ihe water lable except for perlode 
during and Immediately after algnlfleant pre-
clpl lal loa when recharge to the underground 
reeervolr eaceede tbe diecharge f rom It and 
Iha walar lable r isaa. Figure I I ahowa lhe 
Irende of watar- level f luctuation In a well at 
Chapel H i l l , N. C. Tbe watar level in thia well 
ia control led ent i rely by natural condllluna. 
and Ua fluctuallon Is lyplcal of Ihat in the re ­
gion. There la a characterlat ic .aeeaonal 
change in Ihe water table, which bcglna to de­
cline in Ap r i l or May owing lo the Increaalng 
amount of evaporation and Iranaplral lon of 
plante. In November or December, whan much 
of Ibe vegetation has become dormant. Iha 
praclpl la l lon f l ra t mahea up the aummerl lme 
aol l -molsture deficiency and than again ba-
comae effective In producing recharge, and 
tha walar table beglae ta r iee. fai a yaar of 
aormsl ra in fa l l Iha recharge to Ihe under-
groimd reeervol r la approslmalaly equal to 
tha diacharte f rom l l . ao that the walar table 
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I Cone anl rat ion In pa i ia p«r mUllon axcafit aa Lndlcatad. Occurranca, vhara nolad. la gUan In 
paranlhaata af lar concantral lonal 

ConatUuanla 

SUica C9IO,) 

I ron (TaJ 

Calcium (Cat and 
•Mgnaalum (Mc) . 

BIcartKMUta (HCOi> . . . 

SuUata (9O4) 

Chlor lda (C» 

Fluor lda ( D 

Nl l ra ta (NO,» 

DIaaolvad aoUda 

Har«te«a> aa aqulvalant 
CaCOt 

Cone anl rat ion 

pH 

Raraiy laaa than 15 or mor« 
than 45, commanljr 30 to 35 

Cmnmonly laaa thAn 0.3 la 
•a tura l walar. but corroalor 
of l r<» plp«> f r om w»t«r 
with pH la«« than • . • cftuaai 
a tolrljr common Iron pn ib 
lam. 

Raraly laaa than 5 or mora 
Ihan t o Ccommonly 5 to tO 
lo waUr hanaalh 11«M-
eolerad aoUa and IS Co SO In 
watar banaath dark-co lorad 
aoUak. 

Raraly laaa than 15 or mora 
Ihan ISO, commonly 30 lo 
100. 

Raraljr laaa Ihan I or mora 
than 100, commonly I lo 40. 

Raraly laaa Ihan 1 or mora 
than 40, commonly 1 to 10 

Raraly mora than I . commonly 
0.0 lo 0 .1 . 

Caiiaa moal o l Iha k a r ^ a a a andacala-
f i i a i l a g p n ^ r l l a a of watar. CSoa 
ter*M«« balow.) 

Charaetar lat Ic affacta on walar uaa 

F o r ^ hard acala la pipaa and boUara 
bm aot normal ly a aarloua prohlam 
In Iho raglon. 

Mora Ihan 0.3 ppm aCalna lawadry. 
alanallo.and fUturaa roddlah browa. 

Raraly mora than 30. com-
mooly laaa than 10. 

Total of a l l mlnara l maltar 
ra ra ly aacaada 350.commonly 
YOlo 190. 

Raraly laaa than 10 or mora 
Ihan ISO (commonly 10 to 
90 In walar banaath Ugld -
color ad aoU* a i d 40 to 300 
In walar banaath dark -
eolorad aoLla). 

Raraly Uaa than pH of 9.9 or 
mora than 1.5 (commonly 
9.9 to t . l In watar baaaalb 
UgM-colorad aolla and • . • 
to 1.5 In walar banaath 
dark-colorad aol la l . 

Coocaolrallona la raglon ara not gaa-
ara l ly high tnough to caaaa trotfbia: 

Coocantratlona la ragloa ara nol gaa-
ora l ly high anoagh to cauaa troabla. 

Sally Ua lo l o walar hav l i ^ mora llMa 
a faw hwkdrad par ia par oallUoa. 

CoacanlrallOQ balwoaa 0.« and I.Tppm 
la walar rotorda dacay of loalh, bal 
amounta la mMcmtm af 1,9 ppm may 
cauaa nw l l l od anamol of taalh. 

Whara coacoalral loa la graatar than 
SO ppm, contamination f rom aawaga 
•my ba awapaclad. Watar of con-
eanlratloaa graaiar than 49 ppm 
may bo harmfu l l o bablaa. 

Watar containing mora than 1,000 ppm 
of diaaolvad aollda la tmaultabla for 
moot pwrpoaaa. 

Caaoaa canaomptlon of aoap balora 
lathar w i l l foraa. Hard watar forma 
•cala In boi lara aad hal walar 
haalara. Water whoao harAwaa la 
laaa than M pym la coaaldaradaoft; 
• I to I t o ppm, modaralaly iMrd; 
I t l to ISO ppm, hard; mora Ihmi 
I t o ppm. vary hard. 

Valaaa laaa than 1.0 tadloala acldUy, 
aad corroolvanaaa of watar gan-
ara l ly lacraaaaa with dacraaalag 
pH. 

I wAtva or n « r^Bwonr Atai nue aaict raovsacu ai wunajitTUM ir«TO 

al the end ot tha year U at about the aama 
level ee at tba beginning of Ibe yaar. Wella 
d r i l l ed Into rock may, when pu i ^Md at hiU 
capacity, y ie ld e l i | ^ t l y leee d u r l i ^ the dneat 
part of tbe year erhan the waler table le low. 
Yet there appeare to ba na avIdaiKeto aupport 
the ganaral belief t l ial Ibe weler table haa 
been decl ining dar l>« recent yaara. 

CMCalCAL OUAUTT OF THE SAKR 

In compsrlaon with ground water In widely 
acattered reglone at Ibe w e r M the water bi 
tbe Pleteiont aad Blue Ridge provtncee ranke 
amoeig M M beet In chemical quaUly. I9ee table 
1.) ktoal of Ihe water Is low tat to ta l dissolved 
solids aad Is geiMrsl ly soft, bat soms ia mod­
erately herd. 

1 

I ron la w i t s r Is ths most common com-
pUlot . As I t t t l s ss 0.« ppm Ipsrta psr m i l l l on l 
wUI csaaa a red s is in sn phtabbig natures. 
About I a t svsry 10 wsUs y l s i d watar with 
leee than 0.1 ppm ot I ron. Aboal 4 ef 10 welle 
y ie ld water <*tlb Jaat enough I roa la cauee a 
aUgM mala, and aboal I of 10 weUe ylelda wa­
ter thai has, conaldereble I ron. Same Iron 
probleme reaal l when I ron ie diaeolved f r om 
rocka. aad alber probleme reeal l whea water, 
movbig t b r o a ^ I ron pIpaa, coosesaenUy picke 
op a brown I ran s la in by corras lan. It la I m ­
portant to determine tbe eoarea ot Iha I n m . 
whether diaanlvad t r am tba rocka o r f rom the 
pipea. ba lsra metbode Ier Ite removal ara 
eo^ leyed. Moat of (he weler la sst ls fsc lory 
for ass wlUwal say typs ef treaUneal l lsbis I I . 
Tel an analysis et tba walar ihoa ld be made 
as soon ss s wsU te drIUsd lo dstermtaM U 
treatment U neeeeaary. I t te aot paasMe to 
datarmtee O M qaal l ty of water bsters s waU 
le drUled. 

COMTAaMATRM OF CROUNO •ATCR 

fai view at tte msay bua^ad i i a t Ikoussnds 
of wsUs t t a l a rs W s r a p s r s s 4 wMi sboat sn 
e^usl aaaibar ot septte tsnka and other wests 
sues. It te p tapsr to givs ssr loas sttsatloo te 
Oia poeelbUtty et eaatamlnatlag an Indlvldaal 
water m^mlr TWtaadaacy la r grooad w a l e i ^ 
and contamlnante tbat might be te l l - 4 o move 
aaturaUy I r am aplend araaa toward atream 
valleye ot terehelp te p lam i l i ^ weUe and waata 
attae to avoid centamlnatlen. A w*U that la 
pumped mey modl iy tba nateral movamant of 
watar and * a w cooSamlnaled water toward It ; 
tbte condttlao te more Ukely where the aoll la 
IMn or absem Ihan where U te thick. Care 

ehould be taken to eee thel no weler f rom the 
lend eurface can aeep eeally Into Ihe wel l 
around the caatng. Not only la tba waU aite 
Imfmrtant but ao la the weeta ei le. In moet 
caaas tha chancee at conUmtesled weter f r om 
a waala alle m o v l i ^ Into a waU are not easy 
to predict, but a few general atotemeala caa 
be made. For e iampla, al a wsate ette ( I I a 
deep water table la aafer thmi a ehallow walar 
t i b le . ( I I thick eoll te aafer than tbte aoU or 
rock outcrope. (11 aandy aoU wi th eome clay 
may be better than a clean aandy eoi l or a , 
atlcky clay aoU. Mid (41 a elope of both the 
land eurface and the water table away f r om a 
weU la bener Ihan one toward tt. 

The eoll and weathered rock ara generally 
effecliva In preventing waete meter la le f rom 
paeeteg tbroogb to underlying rock fracturaa. 
but Ihe combteatlon of I I I certate lypea of 
wastaa, ( I I axceaelve quamltlea of dlapoaed 
waatae, and (11 Oite eoUe mey reaul l te con-
lamlnatad water reaching bedrock fracturaa. 
Once te tha bedrock f rsc lurea Iha contami­
nated water may move eaaUy to watar aup-
pllea. Gtily a amal l percentege of welle have 
been cantamineted, bul proper care te locelteg 
end conelructing welle and waata attae nwat 
be token to mtelmlae. Ihe rtek of crnitamine-
tton. Mteimum atandarda apeclfted by health 
off lciala, auch aa Ihoaa re lat ing to permeabi l ­
i ty ot Ihe sou, diataac* between e weU end a 
waete ei le, and depth of the weter table, muet 
be foUowed. 

GENERAL tTATIaCNTl ABOUT (WOUNO aATCR 
M THE RECMM 

I . Ground water may be coneldered aa oc-
cur r teg te an underground reeervolr , l i ie wa­
ter being held te tee open specee of Ihe rock 
mater ia ls . U M watar table, repreaanttng the 
lop of the reeervolr .generaUy Uaa tethe clay, 
or dtelntegrated rock meter la le. te Ihe lower 
part of tea reservo i r , watar occura te Inter-
connactteg fracterea te bedrock: Ibe fractorea 
dimteteh te mimber and else wi th Increasteg 
depth. Watar aolare Ihe f rac ture* by eeepteg 
tbroawh the overly ing clay, and dr iUad waUa 
tbew water f rom thee* f racturee. Tbe eource 
et thle watar te precipi tat ion te tbe general 
area of e well and not te aome remote place. 

1. A layer of realdual eoU and weathered 
rock Uee on Ihe freeb rock te most placee; 
the thlckneaa of tha aoU and waaUiered rock 
rantee from aero lo e l l t h t l y more than ISO 
feel. 
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3. Tba water table haa a h i l l and valley re ­
lation Owl approximaleiy conforme wlte eur­
face tapograiihy, although U M water table ia 
eomewbal nat ter . (See f ig . I t . ) For eaampla, 
a creek o r r i v e r te Ihe sarfsce eapreesion of 
Ibe water table te a veUey. hat beneath a h i l l 
U M weter tabte may be 10 to TO feet below the 
groimd surface. Croond water, l ike eurface 
weter. baa the teadency to drate away f rom 
tbe bUte to M M veUeye. Tkto tmideacy heipe 
te planning Ibe location at weUa te re lat ion to 
other veUe and to eourcea at poaetele ccn-

4. A clone network ot atraama prevaUe, end 
te meat placee on en aplsad sres a perennial 
etreem te lees thsn I mite away. 

5. Toward the etreame te a ranllaaoue now 
ot gruaad water. Some et tbe aatftowing 
gromid water te aaad ap by evaporetlaa and by 
I ranaplrat tea at plante te Ibe vsUsy araaa; the 
ramstedsr ef Iha walar diackargea ae amal l 
spr ings sad sa hank and cbaanal eaapaga telo 
the eUeame. 

0. T lM natural movement of groimd weter le 
re la t ive ly abort and te almoal everywhere r e -
et r le ted to tbe aone underlytag Ibe groeetopo-
grepbte s lop* estending f rom a fwr t icu lar 
laod-eurface divide to the adjacent etreame. 

7. te Ideal cases lbs pumping ot a waU 
cauaea Ihe weter lable tobe depreaaadamootb-
ly te Ihe ahapa at aa Inverted cone, the apaa of 
tha cone being ta tbe weU; however, Ibe * r -
ret lc dtetr lbatlan ot rock fracturee and Ihe 
cantrastlag aatare ot permeabi l i ty betweea 
rock I racteraa and over ly ing eoUs cause the 
depresasd ps r t e t Ihe weler teble to extend 
unevenly i foaa i l a we l l . Where two heavUy 
pomped w e l U ere wllhte s fsw lamdrsd fsst ot 
sscb olbsr, OMrs U s Strang UkeUhood et 
eome teterfereaca at pwmplag level betweea 
tbe two, but te mast esses I b s n te aot any ap-
precteble teterlerence between low-yteldtag 
weUa a few b i i k ' i d last apsrt . Pram a paoip-
ed weU U M dapr iMSd pert a t Ike water Isbis 
ra ra l y eauads baaaalk a pereanlel stream o r 
beaeath a blUlap to a alape ea tee oppoelte 
elde. WeU teleHereaee te local , and Umrs te 
no raglonal lower ing ot tbe water table be-
cauee et ptanptng. 

I . Tha ralsllon of Ibe depth of a waU to 
yteld o l the aquller te not elmple. te epito et 
eome bel lefe. water alreedy evaUableto e weU 
le ra ra ly loot by * I U l a a deeper: therafore, 
there te alwaye e ebence et getting e la rger 
s i^Vly by tecraaali^ Ibe depth ot Ibe welL Tet 
tbte chence becemea p o o n r aa Ibe weU daep-
ena beraaaa O M Intnreoaaectlag fracturea aaid 
the l i iU l t y ot tbe reeks to etore end traneaUt 
water decreaea alvdl teanUy wUh depUi. Mara 
then t o peraanl et aU graaad water oceare ta 
U M lUe t lOS feet below U M water table. Oea-
ereUy two weUe MS feet deep eech wUl yteld 
more weter Uiaa one weU 400 feet deep. 

0. TlM raMleashlp ot tcpography to yte ld 
te e i^haatead. The p e a t ma|or t ty et weUa 
are localed < • bUla or etnooUi aplsnd slopes 
bscaass et w m n i U i n t a and bacaaaa tbeee to-
catlena appear safe f r om aoarcee et centam­
lnatlen. Tet tbe perceataga at tew-ytaldtag 
weUs Is SMKk g raawr enhlUs and uplsnd c w -
vss slopss thMi te tewlf da er A-awa (eanceva 
etopee Ihat lead apward f r om e vaUay to s 
sad«e o r sway-backed poeltlen te a ridgal. 
Steep-elded dapraselona, aacb aa gaUlaa and 
revteee, aheuld aet ba conaldered e c c e p t * l e 
eltee for weUe. 

10. te general, welte are mora producUve 
and tend to have a mora ateble yeer- rooad 
y ie ld whera there te s ib ick maalle of eoU then 
where here rock erapa out. The preeeace et e 
eoU cover sad the abeence ot rock outcrop 

euggeet that water movee downward into tbe 
rock end te as i n e d U y ahunUd towerd Ibe ed-
lecent vaUay: te tact, the eol l cover euggeele 
Ibet teterinmiarlliig rock I rectaree are avaU­
able to s tore weter and totraiwmit It to weUe. 
Wbera there te a gaod aoU cover. Ibe weler 
lable general ly Uee te I t : Ihara lora. the etor-
age capactty te the v lc ta l ly te mach greater 
then where bare rack U expaeed aad where 
the only water te atorsge te ta the rock f rac­
tures Ihs l tel^t bs quickly dratosd. 

I I . Stapto c isar -cat ststemsate about the 
weter-ytoMteg preperttee ot lhe verloaa typee 
of rocks aire aot easy to ataks. I k e r a ere 
meny vartal laa et, Isnsni i i sad mstamorphic 
reeks, ba l far s diacaastea s t Ihs i r greaed-
weter p n p i ' r t l a s tbsy msy ba greepail ae fo l ­
lowa: l i t l l i i t e i i i k l maaalvs^ Ignaaai racha, 
auch es g i sa l l a . aad (SI as taae rph l c rocks, 
sneb ss sdUaIn, gaslssss. sad s istss, which 
a u y show ap sUasiasii l e t a t e s r s i s ar aa 
al lneaMal e ( ctoavaga plaaas er openings 
slang which water awy mere, te eome ptecaa 
e lype ef rock may hava dteUactlva waier-
bearitas cbaractar lat lea. bat, U ae^ tt la alao 
l ike ly to shew dtettactlvs lapegrspMc endeeU-
meadle teabiraa. Tepagraphgr end aeU-memie 
leetares ara raadlly ebaeraad aad may be 
seed aa c r i t o r t e Ier prodlct teg the weter-
y t e l d k v poiaaltel e t a wsU s i te , whereaa U M 
weter-hear log eharaetarlsUcs ot s type ot 
rock by l l ss i r msy be obscara. A l aay ra le , 
Ihera ara loo ateay eaoiplas lectare tewolved 
to i M t l l y faoaralteattena ahoat the y ie ld of 
welte te teililixal typee of rock. 

IS. Whaasiai ws ls r Is i i e i a p i i from s wa l l , 
Iha water lass l to lawsrsd ta aad a r a m * the 
walL I W iliawSewa tocraaMS arflh m te-
eraasa ta^Ow rata e l i n i f l u , i M b a u ^ l U a 
retettah to ai i l i l a i p l i . Fbr aaaaipla, a saU 
y t e l d h ^ SS v a t r t t t a ^ a a r d s — et IS teet 
WlU aot doabta tta y teM by tacraaak« tee 
drawdams to ISO teat, tastes^ m wUl y ield 
lees ttsn IS g p a ne t psf lMps im a s n than I t 
to M gpm wMh s drswdowB of ISO tost. 

I I . Seiae wel ls Iha* ara pampad heavUy 
land to dasltas f rsdaaUy ta y teUl Tbte fact 
may be dae to the fellow lag circamataaree. 
The else andaallteg et e piiaip ara determine d 
f rom e ebon better o r pumping teet whea lhe 
weU te completed. Saek e short leet may aot 
Indteate the long- te rm yte ld et U M weU be-
canee the Ore l weler te withdrawn fo rm s lo r -
sge te lbs rock ms ts r i s ia , end many houre, 
deye, er even awnflM may paae before teere 

I Ba>ci raovaacn ai lo imaAinaH n A m 

U a a l ib le ed|uetm*nt between Ihe amount of 
waler Ihal Ihe fracturaa can feed teto the we l l 
and the amount of waler avaUable lo drate 
Ihrmigb tha overlying clay teto tha fracteree 
feeding Ihe wel l . Fai lure to hava knowledge at 
water- level Uuctuallone aa a reaul l of p a n p -
Ing te tba cauaa of many waU probleme end of 
the arroneoua eoncluaion teal weU suppUss 
ara not dependable. U a weU tende to haee ea 
uneteble ylmld, H le probdbly |inai|iail A 
reduction te Ihe rate of pnmplng end eanae-
quenlly a rateing of tha weler level wUI raaaU 
ta a perannlaUy aala yield. r n n e t M t pnmplng 
at a moderate rate doe* not damage a wa l l . 

V 

14. There te a tendency lo r rocka onder-
lylng a UgM-colorad aoU to yield weter that te 
low te dteeolvad mteeral metter and te eot l . 
Ob te* other bend, rocke aaderlytng darker 
eolle (dark r e < brawn, and yoUawl tead to 
y ie ld weter teat te e l lgMly herd, or hard, and 
tbat may contate objectlonabla amounte of 
I ron. 

15. Many people thtek teet a ahaUow depth 
to Ihe water table te an tedicatlon ot a good 
y ie ld of a potential weU, bul thte te aol a rale 
to loUow. te fact, where tee wsler lable la 
only a few feat beoeate tha land eurface on an 
upland area, the rock fracturaa may be eo 
ecerce that weler may aot be able lo move 
downward te the rock; It te held near the 
ground eurfkce aad perhape te elamled oul to 
the land eurface ae a wet aaepage epot on a 
eteep elope. 

10. There are many mielakan notlcne about 
the evallabUlly of ground water te the regbm. 
Theee notlone ar lee f r om lack at knowledge ot 
lhe occurrence and movemeid et ground waler 
end et tee behevtor ot welte. The oomaami e r -
rensoas s ts tsasnt teal a certate towa te tee 
region could not depeiul oa weU water ateme 
f r om the existence ot e Umited aamber ot 
welte; sever hae the underground raeervoir 
beneate any town er c i ty te the region been 
ceeapletely d e l e t e d ot Ito watar. There baa 
been e tendency fer IOWIM ot about 1.00* 
people to convert f r om wel l euppUea to a 
Iraated earface-waler eupply; each converelon 
eemmonly occure when Ihe Iowa raqulree 
amre teaa 300,000 gallaaa of water par day. 
en amoant which only a few welte te aggrvgete 
may not produce. Few towite bava the aiteerl-
ancad paraoaH wlte dIvereUled taMMledge of 
weUs and ground-water condltlone to provide 
Ihe good managoeaent craaparebte to teat et 
menlclpai eurface-water sappUae. 
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uuRCES or stFOKaiTai 
There ere meny eonrces ef Informslion 

about ground-weler condllfana ta apeclfic 
parte of tee region. At leaat ens agency te 
aach SIMe haa coepereted ftaeaeteUy wtth the 
U.S. Geelo(lcsl Survey, and theae agenclaa 

have contributed ta eome wey to the reeulle ef 
thle report. fXirther latdrmMlen aboal raporto 
publlalMd er work ta progreee may be cbtata-
ed Irom the dietrlct otflcee et tbe Oaologlcel 
Survey te each Stale or from Ihe reepactlve 
State cooperMlos agenclee. 
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2.2 Crystalline Rock Aquifers 

Although individual crystalline rock aquifers are not laterally extensive; 

collectively they yielded an estimated 91 Mgal/d in 1985 (Turlington and 

others, 1987), primarily for rural supply. Ground-water storage occurs in 

unconsolidated material overlying the crystalline rock and in joints, frac­

tures, and other types of secondary openings within the rock (Cressler and 

others, 1983). 

Ground-water levels in the crystalline rock aquifers are affected mainly 

by precipitation and evapotranspiration. Rainfall in the area is heavy in 

winter and midsummer and relatively light in spring and fall. The driest 

season of the year is fall. Ground-water levels rise rapidly with the onset 

of late winter rains and reduced evapotranspiration, and generally reach their 

highest levels for the y e a r in March or April. I n c r e a s e s in evapotranspiration 

and decreases in rainfall during the spring and early summer cause ground­

water levels to decline. Heavy rainfall in midsummer results in small rises, 

in ground-water levels, but a lack of recharge in the fall causes water levels 

to decline to the annual lows, which generally occur in October or November. 

During 1987, the mean water levels at wells 10DD02 in Fulton County, 

UFF04 in DeKalb County, and 19HH12 in Madison County were from 0.2 to 1.3 ft 

higher in 1987 than in 1986. By the end of March, water levels in the wells 

had recovered 1.5 to 4.8 ft from the record lows measured during the 1986 

drought. However, a new record low was measured at well 10DD02 in early 

December. The decline was in response to local pumping at the end of 1987, 

and water levels were from about the same to 1.6 ft lower than at the end of 

1986. 
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E N N E S S E E 

EXPLANATION 

AREA OF CRYSTALLINE ROCK 
AQUIFERS 

OBSERVATION WELL AND IDENTIFI ­
CATION NUMBER — Equipped with 
recorder; hydrograph included in 
th is report 
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Figure 2.2-1.—Location of observation wells in the crystalline rock aquifers. 
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GROUND WATER IN THE GREATER 
--ATLANTA REGION, GEORGIA 

By C. W. Cressler, C. J. Thurmond, 
and W. G. Hester 

ABSTRACT 

The Greater .A.tlanca Region encompasses 
about 6,000 square miles in Che Piedmont 
phys iographic p r o v i n c e of w e s t - c e n t r a l 
Georgia. Municipal and i n d u s t r i a l wa te r 
suppl ies in the area a r e d e r i v e d mainly 
frora s u r f a c e wate r t aken from r i v e r s , 
s t reams, and impoundments. Large w i t h ­
drawals now and predic ted for the f u t u r e 
a re causing concern about s u r f a c e - w a t e r 
s o u r c e s be ing a b l e L.: meet che r i s i n g 
demands. This scudy ^;as conducced co 
assess che a v a i i a b i i i c y of ground wate r 
in the c r y s t a l l i n e rocks of the a rea , and 
to devise methods for l oca t ing s i t e s for 
h i g h - y i e l d i n g w e l l s chat could p r o v i d e 
a l t e r n a t i v e sources of supply. 

The Greater .Atianca Region i s rough ly 
d i v i d e d in h a l f by t h e C h a t t a h o o c h e e 
R i v e r , which fo l lows a c o m p a r a t i v e l y 
s t r a i g h t southwester ly course for n e a r l y 
110 miles a c r o s s the a r e a . Strearas in 
the north hal f of the a r e a , inc luding the 
Chat tahoochee River b a s i n , raainly have 
rec tangula r and t r e l l i s d r a i n a g e s t y l e s 
and c l e a r l y show the i n f l u e n c e of g e o ­
log ic c o n t r o l . The topography and d r a i n ­
age are c lose ly r e l a t e d to bedrock perme­
a b i l i t y and c o n v e n t i o n a l raethods f o r 
l oca t i ng h i g h - y i e l d i n g w e l l s i t e s app ly 
to most of the a r e a . In c o n t r a s t , the 
south half of the area has a superimposed 
d e n d r i t i c drainage s t y l e in which streams 
developed more or l e s s i n d e p e n d e n t l y of 
the underlying geology. T h e r e , the t o ­
pography and drainage are poor ly r e l a t e d 
t o bedrock p e r m e a b i l i t y ; many h i g h -
y i e ld ing wel ls occupy r idge c r e s t s , s teep 
s l o p e s , and b a r e - r o c k a r e a s n o r m a l l y 
c o n s i d e r e d Co be s i t e s of low y i e l d 
p o t e n t i a l . 

To b e t t e r understand the occurrence of 
ground water in the a r e a , d e t a i l e d g e o ­
log ic s t u d i e s were made of 1,051 h i g h -
y i e ld ing well s i t e s . The r e s u l t s showed 
tha t large well y ie lds are a v a i l a b l e only 
where aqu i fe r s have l o c a l i z e d i n c r e a s e s 
in pe rmeabi l i ty . This o c c u r s mainly in 

a s s o c i a t i o n with c e r t a i n s t r u c t u r a l and 
s t r a t i g r a p h i c f e a t u r e s , i n c l u d i n g : (1 ) 
c o n t a c t zones between rocks of c o n t r a s t ­
ing c h a r a c t e r and a l s o w i t h i n m u l t l l a y ­
e r e d rock u n i t s , (2 ) f a u l t z o n e s , ( 3 ) 
s t r e s s r e l i e f f r a c t u r e s , ( 4 ) zones- of 
f r a c t u r e c o n c e n t r a t i o n , ( 5 ) s m a l l - s c a l e 
geo log ic s t r u c t u r e s tha t l o c a l i z e d r a i n ­
age development, (6) f o l d s t h a t p roduce 
c o n c e n t r a t e d j o i n t i n g , and ( 7 ) s h e a r 
zones . .Methods for s e l e c t i n g h i g h - y i e l d ­
ing wel l s i t e s using these s t r u c t u r a l and 
s t r a t i g r a p h i c f e a t u r e s a r e o u t l i n e d in 
che reoorc . 

Borehole geophys i ca l t e c h n i q u e s were 
used to study che na ture of wate r -bear ing 
open ings . Sonic te lev iewer logs revealed 
t h a t in s eve ra l we l l s che w a t e r - b e a r i n g 
openings cons i s t of h o r i z o n t a l or n e a r l y 
h o r i z o n t a l f r a c t u r e s 1 to 8 i n c h e s i n 
v e r t i c a l dimension. The f r a c t u r e s were 
o b s e r v e d in g r a n i t i c g n e i s s , b i o t i t e 
g n e i s s , gne i ss i n t e r l a y e r e d w i th s c h i s t , 
and in quar tz-mica s c h i s t . The w r i t e r s 
b e l i e v e the o p e n i n g s a r e s t r e s s r e l i e f 
f r a c t u r e s formed by the upward e x p a n s i o n 
of the rock column i n r e s p o n s e to e r o -
s i o n a l unloading . Core d r i l l i n g a t two 
w e l l s i t e s c o n f i r m e d t h e h o r i z o n t a l 
n a t u r e of the f r a c t u r e s and showed no i n ­
d i c a t i o n of l a t e r a l movement t h a t would 
a s s o c i a t e the openings with f a u l t i n g . 

Wells tha t der ive water from h o r i z o n ­
t a l f r a c t u r e s c h a r a c t e r i s t i c a l l y remain 
e s s e n t i a l l y dry d u r i n g d r i l l i n g u n t i l 
they p e n e t r a t e one or two h i g h - y i e l d i n g 
f r a c t u r e s . The f r a c t u r e s are a t or n e a r 
the bottom of the w e l l s . The h i g h - y i e l d ­
ing f r a c t u r e s are a t or nea r t h e bot tom 
of we l l s because: (1 ) the l a r g e y i e l d s 
were in e x c e s s of the d e s i r e d q u a n t i t y 
and, t h e r e f o r e , d r i l l i n g c e a s e d , or ( 2 ) 
i n deep wel ls y i e ld ing 50 to 100 g a l / m i n 
or more, the la rge volume of w a t e r from 
the f r a c t u r e ( s ) "drowned o u t " t h e p n e u ­
mat ic hammers in the d r i l l b i t s , e f f e c ­
t i v e l y p r e v e n t i n g d e e p e r d r i l l i n g . 
Twenty-five wel ls in the repor t a r e a a r e 
known to d e r i v e wate r from b o t t o m - h o l e 



I n t a b l e 7, which l i s t s c h e m i c a l a n a l ­
y s e s of w e l l w a t e r , some w e l l s r e t a i n 
numbers used in p r e v i o u s r e p o r t s . 

WATER-BEARING UNITS ANU THEIR 
HYDROLOGIC PROPERTIES 

The p a r t of che GAR i n c l u d e d i n c h i s 
s t u d y l i e s w h o l l y w i t h i n t h e P i e d m o n t 
p h y s i o g r a p h i c p r o v i n c e ( C l a r k and Z i s a , 
1 9 7 6 ; F e n n e m a n , 1 9 3 8 ) . T h e a r e a i s 
u n d e r l a i n by a complex of metamorphic and 
i g n e o u s rocks t h a t h a v e b e e n d i v i d e d by 
v a r i o u s workers i n t o more t h a n 50 named 
f o r m a t i o n s and unnamed raappable u n i t s . 
I n d i v i d u a l rock u n i t s range in t h i c k n e s s 
f rom l e s s Chan 10 fc Co p o s s i b l y m o r e 
Chan 10,000 f c . 

R e g i o n a l s t r e s s e s h a v e w a r p e d t h e 
r o c k s i n t o c o m p l e x f o l d s a n d r e f o l d e d 
f o l d s , and the sequence has been i n j e c t e d 
by igneous p l u t o n s and d i k e s and b r o k e n 
by f a u l t s . E ros ion of t h e s e f o l d e d and 
f a u l t e d rocks p roduced t h e c o m p l e x o u t ­
c r o p p a t t e r n s t h a t e x i s t t o d a y . T h e 
l a r g e number of r o c k t y p e s i n t h e a r e a 

and t h e i r v a r i e d o u t c r o p p a t t e r n s g r e a t l y 
c o m p l i c a t e t h e o c c u r r e n c e and a v a i l a b i l ­
i t y of ground w a t e r i n t h e a r e a . N e v e r ­
t h e l e s s , many of t h e raore t h a n 50 named 
f o r m a t i o n s and unnamed raappable u n i t s i n 
t h e GAR a r e made up of r o c k s t h a t h a v e 
s i m i l a r p h y s i c a l p r o p e r t i e s a n d y i e l d 
w a t e r of comparab l e q u a n t i t y and c h e m i c a l 
q u a l i t y . T h u s , f o r c o n v e n i e n c e , t h e 
r o c k s i n t h e r e p o r t a r e a h a v e b e e n 
g r o u p e d i n t o n i n e p r i n c i p a l w a t e r - b e a r i n g 
u n i t s and a s s i g n e d l e t t e r d e s i g n a t i o n s ' ^ ^ ' 
The a r e a l d i s t r i b u t i o n o f t h e w a t e r ­
b e a r i n g u n i t s and t h e i r l i t h o l o g i e s a r e 
shown on p l a t e 1. D a t a on w e l l s i n t h e 
w a t e r - b e a r i n g u n i t s a r e s u m m a r i z e d i n 
C a b l e s 1 -3 . 

r)CCURR£NCE AliB AVAILABILITY 
OF GROUND WATER 

G r o u n d w a t e r i n t h e GAR o c c u p i e s 
j o i n t s , f r a c t u r e s , and o t h e r s e c o n d a r y 
o p e n i n g s i n b e d r o c k and p o r e s p a c e s i n 
t h e o v e r l y i n g m a n t l e of r e s i d u a l m a t e ­
r i a l . W a t e r r e c h a r g e s che u n d e r g r o u n d 

TAbla 1.—Suanary of well data tor che Greacar Aclanca Hcgloa 
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openings by seeping through t h i s ma t e r i a l 
or by flowing d i r e c t l y i n t o o p e n i n g s in 
exposed rock. This recharge i s from p r e ­
c i p i t a t i o n that f a l l s in the a r e a . 

Unweathered and unfractured bedrock in 
the repor t area has very low p o r o s i t y and 
p e r m e a b i l i t y . Thus, t h e q u a n t i t y of 
w a t e r t h a t a r o c k u n i t can s t o r e i s 
determined by the capaci ty and d i s t r i b u ­
t i o n of j o i n t s , f r a c t u r e s , and o t h e r 
types of secondary o p e n i n g s . The q u a n ­
t i t y of s t o r e d water t h a t can be w i t h ­
drawn by wel ls depends l a r g e l y on the ex ­
t e n t to w h i c h t h e r o c k o p e n i n g s a r e 
in t e rconnec ted . 

The s i z e , spacing, and in t e rconnec t ion 
of openings d i f fe r g rea t iy from one type 
of rock to another and wi th dep th below 
land su r f ace . Open j o i n t s and f r a c t u r e s 
tend to become t i g h t e r and more w ide ly 
spaced with increas ing depth . J o i n t s and 
o t h e r open ings in s o f t r o c k s s u c h as 
p h y l l i t e tend to be t i g h t and poorly con­
nected; wel l s in rocks of t h i s c h a r a c t e r 
g e n e r a l l y have smal l y i e l d s . On t h e 
o t h e r hand, openings i n more b r i t t l e 
r o c k s such as q u a r t z i t e and g r a y w a c k e 
tend to be l a rge r and are b e t t e r c o n n e c ­
t e d ; wel l s in these rocks normally supply 
g r e a t e r y i e l d s . Other r o c k s , i n c l u d i n g 
a m p h i b o l i t e , s c h i s t , and g n e i s s , a r e 
v a r i a b l e in the s i z e and c o n n e c t i o n of 
secondary open ings and g e n e r a l l y y i e l d 
small to moderate q u a n t i t i e s of w a t e r to 
w e l l s . Carbona te r o c k s , which i n c l u d e 
marble, can contain much l a r g e r and more 
ex t ens ive ly in terconnected f r a c t u r e s y s ­
tems. Openings in c a r b o n a t e rocks com­
monly are enlarged by s o l u t i o n , and a r e 
capable of t r ansmi t t ing l a rge q u a n t i t i e s 
of water . 

Effects of Drainage S ty le 

The GAR i s divided n e a r l y in h a l f by 
the Chattahoochee River , which f o l l o w s a 
c o m p a r a t i v e l y s t r a i g h t s o u t h w e s t e r l y 
course for n e a r l y 110 m i l e s a c r o s s the 
a rea ( f i g . 1 ) . Streams in the north half 
of the a rea , including the Cha t t ahoochee 
River and i t s t r i b u t a r i e s , ma in ly have 

r ec t angu l a r and t r e l l i s d r a inage s t y l e s . 
In c o n t r a s t , streams in the south hal f of 
the a r e a , b e g i n n i n g a t abou t t h e s o u t h 
edge of t h e C h a t t a h o o c h e e R ive r b a s i n , 
have a d e n d r i t i c dra inage s t y l e ( S t a h e l i , 
1976). 

Streams h a v i n g r e c t a n g u l a r d r a i n a g e 
s t y l e flow in s t r o n g l y a n g u l a r c o u r s e s 
t h a t fo l low the r e c t a n g u l a r p a t t e r n of 
t h e j o i n t s t h a t b r e a k up t h e r o c k s . 
Areas having t r e l l i s d r a i n a g e s t y l e a r e -
c h a r a c t e r i z e d by s t rong ly folded and d i p ­
ping rocks ; the l a r g e r s t reams follow the 
o u t c r o p s of l e s s r e s i s t a n t r o c k s and 
t r i b u t a r i e s en t e r a t r i g h t a n g l e s a c r o s s 
the dip of the s t r a t a (Lobeck , 1939, p . 
175). A l l of the s t r e a m s in t h e n o r t h 
hal f of che a r e a show che i n f l u e n c e of 
geologic c o n t r o l , t h e i r d r a i n a g e s t y l e s 
r e f l e c t i n g the v a r i e d o u t c r o p p a t t e r n , 
the d i f f e r e n t l i t h o l o g i e s p r e s e n t , and 
the geologic s t r u c t u r e . 

In t h e s o u t h h a l f of t h e a r e a , t h e 
d e n d r i t i c dra inage s t y l e i s i n d i c a t i v e of 
s t reams t h a t developed i n d e p e n d e n t l y of 
t h e u n d e r l y i n g g e o l o g y ( L a F o r g e and 
o t h e r s , 1925; S t a h e l i , 1976). Accord ing 
t o S t a h e l i ( 1 9 7 6 , p . 4 5 1 ) , d e n d r i t i c ^ . 
d r a i n a g e , i n which s t r e a m s run I n a l l . , 
d i r e c t i o n s l i k e the b r a n c h e s of a t r e e y 
p r o b a b l y was e s t a b l i s h e d on some^-pre--
e x i s t i n g surface and l a t e r supe r imposed 
on t h e u n d e r l y i n g c r y s t a l l i n e r o c k s * -
Such s treams a re sa id to be superlmposedT: 
when t h e y a c q u i r e a c o u r s e on n e a r l y . 
f l a t - l y i n g m a t e r i a l t h a t c o v e r e d t h e 
rocks b e n e a t h . S t r eams f lowing on t h e 
veneer of m a t e r i a l t h a t c o v e r s t h e b e d ­
rock are superimposed above the concealed 
r o c k s . When re juvena ted by u p l i f t , t h e y 
become inc i sed and develop c o u r s e s w i t h ­
ou t , regard to the s t r u c t u r e or l i t h o l o g y 
of the under ly ing rocks . Eventua l ly , the 
cover m a t e r i a l may be e n t i r e l y removed 
and then only the p h y s i o g r a p h i c p a t t e r n 
of the streams w i l l suggest t h e i r hav ing 
been l e t down from a supe r imposed p o s i ­
t i o n (Lobeck, 1939, p. 173). 

According to S t a h e l i ( 1976 , p . 4 5 1 ) , 
to exp la in the d i f f e r e n t d ra inage s t y l e s 
in reg ions under la in by s imi l a r rocks and 



s t r u c t u r e s , i t i s s u g g e s t e d t h a t an e a r ­
l i e r C o a s t a l P l a i n s e d i m e n t a r y c o v e r 
b u r i e d the Piedmont and e x t e n d e d i n l a n d 
a t l e a s t t o t h e C h a t t a h o o c h e e R i v e r 
v a l l e y . T h u s , a c c o r d i n g t o S t a h e l i , 
d r a i n a g e t o t h e n o r t h d e v e l o p e d o r i g i ­
n a l l y on Piedmont r o c k s and so r e f l e c t s 
c h e i r s t r u c t u r a l o r i e n t a t i o n s . S t a h e l i 
b e l i e v e s t h a t s t r e a m s s o u t h - o f t h e C h a t ­
t a h o o c h e e River v a l l e y d e v e l o p e d a s c o n ­
s e q u e n t s t r e a m s on a f l a t C o a s t a l P l a i n 
c o v e r . These s t r e a m s e x t e n d e d h e a d w a r d 
a s s e a l e v e l s l o w e r e d , d e v e l o p e d d e n ­
d r i t i c d r a i n a g e , and e v e n t u a l l y became 
s u p e r i m p o s e d a c r o s s r e g i o n a l P i e d m o n t 
s t r u c t u r e s . T h u s , t h e g e n e r a l a r e a of 
che Cha t t ahoochee River v a l l e y might w e l l 
c o i n c i d e wi th a f o s s i l F a l l Line in G e o r ­
g i a ( S t a h e l i , 1976, p . 4 5 1 ) . As S t a h e l i 
p o i n t s o u t , in a r e a s near che C h a t t a h o o ­
chee R i v e r , che d r a i n a g e p a t t e r n s u g g e s t s 
Chat h i g h e r , raore r e s i s t a n t r o c k s c o u l d 
have e x i s t e d as i s l a n d s t h a t l o c a l l y c o n ­
t r o l l e d s t r e a m d e v e l o p m e n t e v e n t h o u g h 
che lower a r e a s were c o v e r e d by C o a s t a l 
P l a i n s e d i m e n t . For e x a m p l e , d r a i n a g e 
o b v i o u s l y h a s b e e n d i v e r t e d by s u c h 
p rominences as Stone Moun ta in . 

O b s e r v a t i o n s made d u r i n g t h e p r e s e n t 
s t u d y i n d i c a t e t h a t i n t h e s o u t h h a l f of 
t h e GAR, many of the s m a l l e r e l e m e n t s of 
t h e d r a i n a g e s , s u c h a s d r a w s , h o l l o w s , 
and i n t e r m i t t e n t s t r e a m s i n t h e uppermos t 
h e a d w a t e r s a r e a s seem t o h a v e d e v e l o p e d 
unde r g e o l o g i c c o n t r o l . The p r e s e n c e of 
g e o l o g i c c o n t r o l i s i n d i c a t e d by s m a l l e r 
d r a i n a g e s t h a t p a r a l l e l p r o m i n e n t j o i n t 
s e t s or t h a t a r e a l i n e d w i t h b e d r o c k f o ­
l i a t i o n . Presumably t h e s e l a t e - f o r m i n g 
d r a i n a g e s were e s t a b l i s h e d a f t e r r e m o v a l 
of a p r e e x i s t i n g c o v e r a n d , t h e r e f o r e , 
d e v e l o p e d u n d e r g e o l o g i c c o n t r o l . The 
f a c t t h a t t he s m a l l e r d r a i n a g e s may r e ­
f l e c t b e d r o c k w e a k n e s s e s , w h e r e a s c h e 
l a r g e r s t r e a m s g e n e r a l l y may n o t , h a s a 
p rofound i n f l u e n c e on t h e o c c u r r e n c e of 
ground w a t e r in the s o u t h h a l f of the GAR 
and on the methods t h a t can be u s e d s u c ­
c e s s f u l l y t o l o c a t e l a r g e g r o u n d - w a t e r 
s u p p l i e s . The r e l a t i o n s between d r a i n a g e 
s t y l e s a n d Che o c c u r r e n c e of g r o u n d 
w a t e r , and t h e e f f e c t s t h a t d r a i n a g e 

s t y l e s h a v e on t h e m e t h o d s t h a t c a n be 
u sed t o l o c a t e s i t e s f o r h i g h - y i e l d i n g 
w e l l s , a r e d i s c u s s e d i n l a t e r s e c t i o n s of 
t h i s r e p o r t . 

AVAILABILITY OF LARGE 
. GROUND-WATER SUPPLIES 

The q u a n t i t y of ground w a t e r a v a i l a b l e 
i n t h e GAR v a r i e s g r e a t l y w i t h t h e l o c a ­
t i o n , r o c k t y p e , t o p o g r a p h i c s e t t i n g - ^ ; , 
d r a i n a g e s t y l e , and t h e g e o l o g i c s t r u c ­
t u r e . I n some a r e a s , m o s t w e l l s y i e l d 
l e s s t h a n 3 g a l / m i n , w h i c h g e n e r a l l y i s 
c o n s i d e r e d a minimum r e q u i r e m e n t f o r 
d o m e s t i c a n d s t o c k s u p p l i e s . I n m o r e 
f a v o r a b l e a r e a s , y i e l d s commonly r a n g e 
be tween 3 and 10 g a l / m i n . I t s h o u l d be 
p o i n t e d o u t , however , cha t o b t a i n i n g t h i s 
q u a n t i t y may r e q u i r e d r i l l i n g i n more- ' 
t h a n one s i t e . 

H i g h - y i e l d i n g w e l l s — o n e s t h a t s u p p l y 
20 g a l / m i n or m o r e — g e n e r a l l y c a n be d e ­
v e l o p e d on ly where t h e r o c k s p o s s e s s l o ­
c a l i z e d i n c r e a s e s i n p e r m e a b i l i t y . T h i s 
o c c u r s ma in ly i n a s s o c i a t i o n w i t h c e r t a i n 
s t r u c t u r a l a n d s t r a t i g r a p h i c f e a t u r e s ^ 
i n c l u d i n g : ( 1 ) c o n t a c t z o n e s be twee i i ' s 
r o c k u n i t s of c o n t r a s t i n g c h a r a c t e r ^ c C2)rS 
c o n t a c t z o n e s w i t h i n m u l t l l a y e r e d ^ r o c l c i i : 
u n i t s , ( 3 ) f a u l t z o n e s , ( 4 ) s t r e s s ^ r e l i e f s 
f r a c t u r e s , ( 5 ) zones of f r a c t u r e c o n c e n ­
t r a t i o n , ( 6 ) s m a l l - s c a l e s t r u c t u r e s , i n ­
c l u d i n g j o i n t s , f o l i a t i o n p l a n e s , a n d : 
f o l d a x e s , t h a t l o c a l i z e d r a i n a g e d e v e l r 
opmen t , ( 7 ) f o l d s t h a t p roduce c o n c e n t r a - " -
t e d j o i n t i n g , and (8 ) s h e a r z o n e s . O t h e r 
f a c t o r s , s u c h a s t o p o g r a p h i c s e t t i n g , 
d r a i n a g e s t y l e , r o c k t y p e , d e p t h o f 
w e a t h e r i n g , t h i c k n e s s of s o i l c o v e r , a n d 
t h e p e r v a s i v e n e s s and o r i e n t a t i o n of f o l ­
i a t i o n c a n i n t e r a c t t o i n c r e a s e o r d e ­
c r e a s e t h e a v a i l a b i l i t y of g r o u n d w a t e r * . 
The n a t u r e and o c c u r r e n c e of s t r u c t u r a l 
and s t r a t i g r a p h i c f e a t u r e s known t o i n ­
c r e a s e bed rock p e r m e a b i l i t y , and t h e r e ­
l a t i o n of t h e s e f e a t u r e s t o d r a i n a g e 
s t y l e , t o p o g r a p h y , and o t h e r f a c t o r s , a r e 
d i s c u s s e d i n t he f o l l o w i n g s e c t i o n s . 
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26 Pfiysical Propenies anti Principles I Ch. 2 

If a temperature gradient can cause fluid flow as weii as heat flow in a porous 
medium, it should come as no surprise to iind that a hydraulic gradient can cause 
heat flow as well as fluid flow. This mutual interdependency is a reflection of 
the well-known thermodynamic concept of coupled flow. If we set dhldl = i, and-
dTldl = /;, we can write a pair of equations patterned after Eq. (2.22): 

~ L , , i , - L , - i : 

V- = — L ; , / , — Z.;2 ' : 

(2.23) 

(2.24) 

where v, is the specific discharge of fluid through the medium and v̂  is the specific-
discharge of heat thiough the medium. The L's are known as phenomenoiogical-
coefficients. If L,, = 0 in Eq. (2.23), we are left with Darcy's law of groundwateC^| 
flow and i.,1 is the hydraulic conductivity. IfZ.;, = 0 in Eq. (2.24), we are left with, 
Fourier's law of heat flow and L^z is the thermal conductivity. 

It is possible to write a complete set of coupled equations. The set of equations^"! 
would have the form of Eq. (2.23) but would involve all the gradients of Eq. (2.21) 
and perhaps others. The development of the theory of coupled flows in porous 
media was pioneered by Taylor and Cary (1964). Olsen (1969) has carried out 
significant experimental research. Bear (1972) provides a more detailed develop­
ment of the concepts than can be attempted here. The thermodynamic description 
of the physics of porous media flow is conceptually powerful, but in practice ther^^ 
are very few data on the nature of the off-diagonai coefficients in the matrix of-{ 
phenomenoiogical coefficients L,̂ .. In this text we wiil assume that groundwater-
flow is fully described by Darcy's law [Eq. (2.3)]; that the hydraulic head 
[Eq. (2.18)], with its elevation and pressure components, is a suitable representa-^ 
tion ofthe total head; and that the hydraulic conductivity is the only important 
phenomenoiogical coeflScient in Eq. (2.21). 

2.3 Hydraulic Conductivity and Permeability 

As Hubbert (1956) has pointed out, the constant of proportionality in DarcyfiJfl̂ l 
law. which has been christened the hydraulic conductivity, is a function not only of^l 
the porous medium but also of the fluid. Consider once again the experimcntaLg. 
apparatus of Figure 2.1. If A/i and A/ are held constant for two runs using the same^;^ 
sand, but water is the fluid in the flrst run and molasses in the second, it wonid^J 
come as no surprise to find the specific discharge v much lower in the second i 
than in the flrst. In light of such an observation, it would be instructive to seaicfa^J 
for a parameter that can describe the conductive properties of a porous mediuins^j 
independently from the fluid flowing through it. 

To this end experiments have been carried out with ideal porous media consist^v 
ing of uniform glass beads of diameter d. When various fluids of density p and̂ i;:;-̂  
dynamic viscosity ^ are run through the apparatus under a constant hydraulic^; 
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gradient dhidl. the following proportionality relationships are observed: 

V cc a -

V cc pg 

Together with Darcy's. original observation that v oc —dhldl, these three relation­
ships lead to a new version of Darcy's law: 

Cd'pgdh 
U dl 

(2.25) 

The parameter C is yet another constant of proportionality. For real soils it must 
include the influence of other media properties that affect flow, apart from the 
mean grain diameter: for example, the distribution of grain sizes, the sphericity 
and roundness of the grains, and the nature of their packing. 

Comparison of Eq. (2.25) with the original Darcy equation [Eq. (2.3)] shows 
that 

A' = 
Cd-pg (2.26) 

In this equation, p and ^ are functions of the fluid alone and Cd^ is a function of 
the medium alone. If we define 

k = Cd-

then 

A.' = kpg 

(2.27) 

(2.28) 

The parameter k is known as the specific or intrinsic permeability. If K is always 
called hydraulic conductivity, it is safe to drop the adjectives and refer to /c as 
simply the permeability. That is the convention that will be followed in this text; 
but it can lead to some confusion, especially when dealing with older texts and.-
reports where the hydraulic conductivity K is sometimes called the coefficient of 
permeability. 

Hubbert (1940) developed Eqs. (2.25) through (2.28) from fundamental prin­
ciples by considering the relationships between driving and resisting forces on a 
microscopic scale during flow through porous media. The dimensional considera­
tions inherent in his analysis provided us with the foresight to include the constant 
g in the proportionahty relationship leading to Eq. (2.25). In this way C emerges 
as a dimensionless constant. 

The permeability /c is a function only of the medium and has dimensions 
[Z,*]. The term is widely used in the petroleum industry, where the existence of gas. 

''f^ 
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oil. and water in multiphase flow systems makes the use of a fluid-free conductance 
parameter attractive. When measured in m- or cm-, k is very small, so petroleum 
engineers have defined the darcy as a unit of permeability. If Eq. (2.28) is substituted 
in Eq. (2.3), Darcy's law becomes 

- k p g d h 
u dl 

(2.29) 

Referring to this equation. 1 darcy is defined as the permeability that will lead to 
a specific discharge of 1 cm/s for a fluid with a viscosity of 1 cp under a hydraulic 
gradient that makes the term pg dhldl equal to i atm/cm. One darcy is approxi­
mately equal to 10"' cm*. 

In the water well industry, the unit gal/day/ft^ is widely used for hydraulicse 
conductivity. Its relevance is clearest when Darcy's law is couched in terms of Eq. 
(2.4): 

e=-4^ 
The earJy definitions provided by the U.S. Geological Survey with regard to this 
unit differentiate between a laboratory coefficient and a field coefficient. However, 
a recent updating of these definitions (Lohman, 1972) has discarded this formalv. 
differentiation. It is sufficient to note that differences in the temperature of measure­
ment between the field environment and the laboratory environment can influence 
hydraulic conductivity values through the viscosity term in Eq. (2.28). The effect is 
usually small, so correction factors are seldom introduced. It still makes good 
sense to report whether hydraulic conductivity measurements have been carried 
out in the laboratory or in the field, because the methods of measurement are very 
different and the interpretations placed on the values may be dependent on the 
type of measurement. However, this information is of practical rather than con­
ceptual importance. ./ 

Table 2.2 indicates the range of values of hydraulic conductivity and pennesi^^ 
ability in five different systems of units for a wide range of geological materialssig^f] 
The table is based in part on the data summarized in Davis' (1969) review.^Thc2&^-
primary conclusion that can be drawn from the data is that hydraulic conductivity 
varies over a very wide range. There are very few physical parameters that take OQ'-
valucs over 13 orders of magnitude. In practical terms, this property implies.that^. 
an order-of-magnitude knowledge of hydraulic conductivity can be very usefuL^.^.. 
Conversely, the third decimal place in a reported conductivity value probably ha$»i.Ui 
little significance. 

Table 2.3 provides a set of conversion factors for the various common units^-
of k and K. As an example of its use, note that a k value in cm- can be converted to 
one in ft̂  by multiplying by 1.08 x 10"'. For the reverse conversion from ft* to 
cm-, multiply by 9.29 x 10*. 
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Tab ie 2.2 R a n g e o f V a l u e s o f H y d r a u l i c C o n d u c t i v i t y 

and P e r m e a b i l i t y 

^ I Unconsoliaated k K K K 
ceoosits •aorcy.i :c-n'^) (cm/s) (rn/s) (gol /doy/ f t ) 

Ul O C 1/1 
. . 0) a JC 

? E <« ^ 
n o 

1 

• O O O 
<u C ,,, i 

""' 
l * ^ . " 

~J 

r- ^ 

Q 

2' ' ' 

- VJ 

- • • o " ' 

- ; 0 - ^ 

^ 1 0 " * 

- ' O - ' 
1 

r -
1- lO 

- ; 

r '--̂  

ho-^ 
1 
ho-' 
- iO"* 

r' 

- 1 0 -

- ' 0 - ^ 

- , o -

- 0 -

- 1 0 - ^ 

- io-° 

_ -.r 

- :C 

- G 

- 1 0 

- to 

- 10 

I I 'SI 
• Jt I 

OT 

I 

-n o "̂  -u J. 

0 5 3 5 

E " ' 

o tu 

^ c 
i z 
C o 
2 e 

• 1 0 - ' 

• ' 0 - ^ 

•10 r i O " r : 0 '̂  i 
I ! i 

. , o - ' 2 L i o - ' ' - 1 0 ' * t" 

lo-'^ho-^ 

10 ' 

I O " ' ^ 1 0 ' 

\ , Q - 0 ^ , Q - I U j . , Q -12 

Lio-8 L,o-'^L,o-" '-'0"'^ 

10" 

10-

"- 10 ' 

Tab le 2.3 C o n v e r s i o n F a c t o r s f o r P e r m e a b i l i t y 

a n d H y d r a u l i c C o n d u c t i v i t y U n i t s 

Permeability, A* Hydraulic conductivity. K 

cm- f l^ darcy 

cm- 1 1.08 -•: 10-J 1.01 .•: 108 
f l - 9.29 .•; 10- 1 9.42 • 10 ' ° 
darcy 9.87 :•• 10"" 1.06 :•: 1 0 " " 1 
m s 1.02 X 10-3 1 10 .< lo-s 1.04 x 10 ' 
fi's 3.11 y. 10"* 3.35 :•: 10"" 3.15 •; 10* 
L'.S. gal, day ft; 5.42 x I O " ' " 5.83 x l O ' i ^ 5.49 :•: l O ' ^ 

m/s 

9.80 :• 10-
9.11 .- 10! 
9.66 ;•: IO"" 

1 
3.05 X 10"' 
4.72 X 10--

ft/s 

3.22 :: lOJ 
2.99 •: 106 
3.17 • 10"! 

3.28 
1 

1.55 >; 10-« 

U S gal/day/n» 

1.85 X 10» 
1.71 X IQi: 
1.82 X 10' 
2.12 X 10« 
6.46 X 103 

1 

*To obtain k in ft-, multiply k in cm- by 1.08 x 10"^. 
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NOTE: The population counts set forth herein are subject to 
possible correcuon for undercouni or overcounL The United States 
Department of Commerce is considering whether to correct these counts 
and will publish corrected counts, if any. not later than July 15. 1991. 
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PREFACE 

The materials in this notebook are provided as an aid to anyone having 
a continuing need for current information on Federally l i s ted endangered 
and threatened species found within Region 4 of the U.S. Fish and Wildl i fe 
Service. This area includes the Carolinas, Georgia, Flor ida, Alabama, 
Tennessee, Kentucky, Mississippi, Arkansas, Louisiana, Puerto Rico, and 
tne Virgin Islands. 

Recipients of the notebook are placed on a permanent mailing l i s t and 
w i l l automatically receive updated information whenever l i s t i ng or other 
changes occur. Questions or comments pertaining to the notebook should 
be directed to the Endangered Species Off ice, U.S. Fish and Wi ld l i fe 
Service, Richard B. Russell Federal Bui lding, 75 Spring S t . , S.W., Atlanta, 
Georgia 30303; telephone 404/221-3583 or FTS 242-3583. Other questions 
pertaining to endangered species matters should be addressed to one of the 
Service f i e l d stations l i s ted at the end of this Preface. 

The notebook is divided into two primary sections. Materials in the 
f i r s t section provide ouick reference as to what species are l i s ted , 
proposed, or under review, the states where they occur, the location 
of c r i t i ca l habitat areas, and other related information. The second 
part of the notebook contains species accounts which br ie f l y discuss such 
things as the status, range, l i f e h istory, and management needs of l i s ted 
species. Please note that the range naps for these species generally 
ref lect current d is t r ibut ion, but in many cases they re f lec t d is t r ibut ion 
rather broadly and should only be interpreted in relat ion to other 
information included In the species account. 

The Endangered Species Act - General 

Passage of the Endangered Species Act of 1973 gave the United States one 
of the most far-reaching laws ever enacted by any country to prevent the 
extinction of imperiled animals and plants. Under the law, the Secretary 
of the Inter ior (acting through the U.S. Ffsh and Wi ld l i fe Service) has 
broad powers to protect and conserve a l l forms of w i l d l i f e and plants 
he finds in serious Jeopardy. The Secretary of Commerce, acting through 
the National Marine Fisheries Service, has similar authority for protecting 
and conserving most marine l i f e . 

Congress ad<^essed the question of why we should save endangered species 
in the preaiiile to the Endangered Species Act, holding that endangered 
and threatened species of f i sh , w i l d l i f e and plants "are of esthetic, 
ecological, educational* h i s to r i ca l , recreational, and sc ien t i f i c value 
to the Nation and I ts people." In making th is statement. Congress was 
summarizing a number of convincing arguments advanced by thoughtful 
scient ists, conservationists, and others who are greatly concerned by 
the disappearance of w i l d l i f e . 

Protecting endangered species and restoring them to the point where 
thei r existence is no longer jeopardized is the primary objective of 
the U.S. Fish and Wildl i fe Service's Endangered Species Program. 



It should be emphasized, however, that not all Federal actions will 
.necessarily be aetrimenta) to critical naoitat. There may be many kinds 
of actions which can be carried out within a critical habitat area with­
out reducing the species' numbers or distribution, or otherwise posing 
jeopardy to it. 

In summary, the designation of critical habitat does not create a nature 
preserve or refuge. It does not affect private, local, or state projects 
unless Federal funds or permits are involved. It does provide a means 
by wnich listed soecies can be protected from adverse impacts resulting 
from Federal action. 

Consultation 

Section 7 of the Act requires a l l Federal agencies to review their actions, 
and i f they determine that their actions may affect a l is ted species or 
i t s habitat, they must enter into consultation with the Fish and Wi ld l i fe 
Service. During the course of such consultation the involved agency and 
the Fish ana Wi ld l i fe Service w i l l t ry to determine a course of action 
which w i l l allow for completion of the agency's project and at the saroê  
time not jeopardize the species, ftast consultations accomplish th is goal. 

In the case of a conf l i c t , the Act provides a means whereby under certain 
conditions the affected Federal agency may be exempted from the requirements 
of Section 7. Exemption applications must be submitted to the Secretary 
of the In ter ior for consideration. I f the Secretary decides the application 
meets exemption c r i t e r i a , i t Is then passed on to a seven-member cabinet-
level Endangered Species Conmittee for a f inal decision. 

Conservation and Recovery 

A main aim of the Service's Endangered Species Program Is to restore 
populations of l i s ted species to a point where they i re no longer in 
danger of ext inct ion and are again self-sustaining members of their 
ecosystem. Recovery plans for a nuinber of these species are already 
being carried out. The plans may recommend the acquisition of land, 
new research, captive breeding, or may ca l l for special w i l d l i f e and 
habitat management techniques. 

In addition to overseeing the development and implementation of recovery 
plans, U M Fish and Wi ld l i fe Service u t i l i zes the authorit ies and 
funding provided under the Act to provide for technical assistance, 
management, law enforcement, land acquis i t ion, research, status surveys, 
and financial assistance to state agencies which have entered into a 
cooperative agreement with the Service. 

Permits 

The Service's Wi ld l i fe Permit Office can issue permits for certain 
act iv i t ies involving endangered or threatened species. Permits for 
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Endangered and Threatened Soecies in Reqion A* 

(E'Endangered; T«Threatened) 

Mamma 1s: 

Sat, gray (E) 
3at, Indiana (E) 
Bat, Ozark big-eared (E) 
Bat, Virginia big-eared (E) 
Cougar, Eastern (E) 
O e e r , Key (E) 
Manatee, West Indian (E) 
Mouse, Alabama beach (E) 
Mouse, Choctawhatchee beach (E) 
Mouse, Key Largo cotton (E) 
Mouse, Perdldo Key beach (E) 
Panther, Florida (E) 
Shrew, Dismal Swamp southeastern (T) 
Squirrel, Carolina northern flying (E) 
Whale, finback (E) 
Whale, humpback (E) 
Whale, right (E) 
Whale, sei (E) 
Whale, sperm (E) 
Wolf, red (E) 
Woodrat, Key Largo (E) 

Birds: 

Blackbird, ye How-shouldered (E) 
Caracara, Audubon's Crested (T) 
Crane, Mississippi Sandhill (E) 
Curlew, Eskimo (E) 

Eagle, bald Southeastem (E) 
Falcon, American peregrine Eastern (E) 
Falcon, Arctic peregrine (T) 

Jay. Florida scrub (T) 
Ki te, Everglade (E) 
Parrot, Puerto Rican (E) 
Pelican, brown (E) 

Distr ibut ion; 

AL,AR,FL,GA,KY,NC,TN 
AL,AR,FL,GA,KY,NC,TN 
AR 
KY,f<C 
KY,NC,SC,TN 
FL 
AL,FL,GA,NC,PR,SC 
AL 
FL 
FL 
AL, FL 
AL,AR,FL,GA,LA,MS,SC,TN 
NC 
NC,TM 
Oceanic 
Oceanic 
Oceanic 
Oceanic 
Oceanic 
LA 
FL 

PR 
FL 
NS 
LA (h is tor ic , near 
extinction) 
AL,AR,FL.SA,KY,LA,MS,NC,SC,TN 
AL.SA,KY,NC,SC,TII 
AL.AR,FL.GA,KY,LA.MS,NC,PR, 
SC.TN 
FL 
FL 
PR 
LA.MS.PR.VI 

•Includes the Carolinas, Georgia, Florida, Alabama, Tennessee, Kentucky. 
Mississippi, Arkansas. Louisiana, Puerto Rico, and the Virgin Islands. 
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Reptiles and Amphibians (cont'd); 

Turtle, Alabama red-bellied (E) 
Turtle, flattened musk (T) 
Turtle, green (T) (E in Florida) 
Turtle, hawksblll (E) 
Turt le, Kemp's (Atlantic) r idley 
Turt le, leatherback (E) 
Turtle, loggerhead (T) 
Turt le, ringed sawback (T) 

(E) 

Fishes; 

Caveflsh, Alabama (T) 
Caveflsh, Ozark (T) 
Chub, slender (T) 
Chub, spotfln (T) 
Dace, blackslde (T) 
Darter, amber (E) 
Darter, Bayou (T) 
Darter, leopard (T) 
Darter, Okaloosa (E) 
Oarter, slackwater (T) 
Darter, snail (T) 
Oarter, watercress (E) 
Logperch, Conasauga (E) 
Madtom, smoky (E) 
Madtom, yellowfin (T) 
Shiner, Cape Fear (E) 
Silverslde, Waccamaw (T) 
Sturgeon, shortnose (E) 

Mollusks: 

Mussel, Alabama lamo pearly (E) 
Mussel, Appalachian monkeyface (E) 
Mussel, birdwing pearly (E) 
Mussel, Ciflbirland bean pearly (E) 
Mussel, Ciflkerland monkeyface pearly 
Mussel, Curtus* (E) 
Mussel, dromedary pearly (E) 
Mussel, fat pocketbook pearly (E) 
Mussel, fine-rayed pigtoe pearly (E) 
Mussel, green-blossom pearly (E) 
Mussel, Judge Tait 's (E) 
Mussel, Marshall's (E) 

(E) 

Distribution 

AL 
AL 
AL,FL,GA,LA,MS,NC,PR,SC,VI 
AL,FL,GA,LA,MS,NC,PR,SC,VI 
AL,FL,GA,LA,MS,NC,SC 
AL,FL,GA,LA,MS,NC,PR,SC,VI 
AL,FL,GA,LA,MS,NC,PR,SC,VI 
LA,MS 

AL 
AR 
TN 
NC.TN 
KY,TN 
TN,SA 
MS 
AR 
FL 
AL.TN 
SA.TM.AL 
AL 
m.GA 
TN 
TM 
NC 
NC 
FL.(3A,NC,SC 

AL,TN 
TU 
TN 
ICY.TN 
TN 
NS 
TN 
AR 
AL.TN 
TN 
AL.MS 
AL 
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Plants (cont'd): 

Four-petal pawpaw (E) 
Fragrant prickly-aople (E) 
Garber's spurge (T) 
Geocaroon minimum (T) 
Green piccher plant (E) 
Hairy rattleweed (E) 
Harper's beauty (E) 
Heller's blazing star (T) 
Highlands scrub hypericum (E) 
Higuero de Sierra (E) 
Key tree-cactus (E) 
Lakela's mint (E) 
Large-flowered skullcao (E) 
Longspurred mint (E) 
Miccosukee gooseberry (T) 
Mountain golden heather (T) 
Palo de Ramon (E) 
Papery whitlow-wort (T) 
Persistent tr1111i« (E) 
Pondberry (E) 
Prickly-ash (E) 
Pygmy fringe tree (E) 
Rough-leaved loosestrife (E) 
Rugel 's pawpaw (E) 
Ruth's golden aster (E) 
Scrub lupine (E) 
Scrub mint (E) 
Scrub plum (E) 
Short's goldenrod (E) 
Small whorled pogonia (E) 
Small's milkpea (E) 
Snakeroot (E) 
Tennessee coneflower (E) 
Tiny polygaU (E) 
Vahl's boxMod (E) 
Wheeler's pgperomia (E) 
Wide-leaf warea (E) 
wireweed (E) 

Distribution 

FL 
FL 
FL 
AR 
AL,GA,NC 
GA 
FL 
NC 
FL 
PR 
FL 
FL 
GA,TN 
FL 
FL,SC 
NC 
PR 
FL 
GA SC 
ARi6A,MS,NC,SC 
PR, VI 
FL 
NC 
FL 
TN 
FL 
FL 
FL 
KY 
GA,NC.SC,TN 
FL 
FL 
TN 
FL 
PR 
PR 
FL 
FL 



CRITICAL HABITAT INDEX 

.\labaaa 

Arkatuas 

Flor id* 

Ethaoacoma boachungi , " s lac icva ta r d a r t e r " 

Pgromycua pol ionotua amaobataa, "Alabama beach oouaa" 

Peromyacua pol ionotua c r l a a y l l a p a l a , "Perdldo Key beach- mouse" 

Spaoplatyrhlnua p o u l a o n l , "Alabama cavef l sh" 

- Pere laa p a n t h e r l n a , " l eopa rd d a r t e r " 

. Amoaplra n a r l t l m a a d . r a b l l l a , "Cape Sable sparrow" 

Amoaplxa n a r l t l m a n l g r a a c a n e , "dusky seaa lda sparrow" 

Crocodylua a c u t u a , '*Aaarlcaa c r a c o d l l a " 

' Peromyacua pol ionot t ie a l l o p h r y a , "Choctawhatchee beach oouae" 

Peromyacua po l lonotue t r l a a y l l a p a l a , '*?erdldo Key beach niouse" 

Roetrhamue a o c i a b i l i e plumbaue, T v a r g l a d a Iclca" 

Trichachua manatue, "Tlor ldA aaaAtaa" 

Georgia 

Kentucky 

Pere lna a n t e a a i l a , "amber darter** 

Parc lna j e n k i M i , "Coneaauge logparch" 

Myptla a o d a l l a , " I n d i a n a bat** 

P a l a f o n l a a g a n t a r l , "Xantucky cave s h r l s p " 

Louisiana - No daslgnatlona 

Hlsalsslppl - Grua canadanala pulla, "^flssla8lppl sandhill crana" 

North Carolina - Hudaonla oontana, "mountain golden heather" 

ftybcyais aonacha, "spotfln chub" 

Menldla excensa, "Vaccamaw silverslde" 

Notropis meklscocholaa, "Capa Fear shiner" 

file:///labaaa
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ALABAtA - Cr i t ica l Habita:t 

SoeoDiatvrhinua potilscni/ "Alabama csveflah' 

Critical Habitat for the Alabama cav«fish ia Key Cave in Lauderdale 
County. 

' " i r / (/ 



.ALABAMA - Critical .habitat 

?eromvscus oolionotus amnobates. "Alabama beach oouae" 

Areas of land, water and airspace in Baldwin County vlth che following components 
(St. Stephens Meridian): (I) chat portion of che Fort Morgan Peninsula- souch 
of State Road 130 and west of 87* 59' 35" W, except for chat part each of Fort 
Morgan Scace Park and more Chan 132.S meters (300 feet) inland from che mean 
high clde line of che Gulf of Mexico; (2) chose portlona of T9S R3E Sec. 30 and 
T9S R2E Sec. 23-23 and E 13/16 Sec. 29 extending 132.3 meters (300 feet) inland 
frora che mean high clde line of cha Gulf of Mexico; (3) chat portion o£ che 
Gulf Shores unit of cha Gulf State Park south of State Road 182 in T9S R4E 
Sec. 14.13 and Sec. 21-23. 

Vithln these areas che major conatltuent elements that are known co require 
special management considerations or protection are dunes and interdunal areas, 
and associated grasses and shrubs that provide food and cover. 

(2) 

Q U L P Of Mexico 



.ALABAMA - C r i t i c a l Habicac 

Peromvscua polionocus c r i s s y l l e p s i s , "Perd ldo Key beach mouse" 

An a rea of land, water , and a i r s p a c e i n Baldwin County with che fo l lowing 
component (Tal lahassee Mer id ian) : chat p o r t i o n of che Perdldo Key u n i t of 
the Gulf Scace Park south of S t a t e Road 182 i n T9S R33W Sec. 2 - 3 . 

w'Lchin chis a rea che major c o n s t i t u e n t e lements chat a re known co r e q u i r e 
s p e c i a l oanagemenc cons ide r a t i ons o r p r o t e c t i o n a r e dunes and i n t e r d u n a l 
a r e a s , and associaced g ras ses and shrubs cha t p rov ide food and cover . 
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ALAB2UA - Cr i t i ca l Sabitafi 

Stlai.ieiiiiia LcMcrtiaigi^ "sladewmter da r te r ' 

Lauderdale County. All pezmanent and intermit tent streams with 
flowing water frcm DeL-eiitoer to June t r ibu ta ry to Cypress Creek and 
i t s t r ibu ta r ies upscream fran the junction of Burcham Creek, including 
3urchan Creek, excltjding Pujeet Creek and i t s t r i bu t a r i e s . 

L a o d e r d a i e 

TENNESSEE: 
ALABAMA" 
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APIQ̂NSAS - Cr i t i ca l Habitat 

Perci.na panther ina > "leopard darter" 

Polk County. Mountain Fork Creek, main channel frcm the Arkansas-
CklahotiB s ta te l ine upstream to the ccnnunity of >kxintain Fork 
(T.IS.; R. 32W.; Section 29). 
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FLGRIEA - Cri t ical Habitat 

ao3tr.^.aiiii3 soc'i^'i''''''^ olanbeja, "everglade k i te" 

Florida. Areas of land (predominantly marsh), water, and airspace, 
with the following components (Tallahassee Meridian.): (1) St. Johns 
Reservoir, Indian River County: T33S R37E SWJ* Sec. 6, hPj Sec. 7, Sec. 
18, Sec. 19; (2) Cloud Lake Reservoir, St. Lucie County: T34S R3aE SH 
Sec. 16, Nil Sec. 21; (3) Strazzulla Reservoir. St. Lucie County: T34S 
R38E SV k Sec. 21; (4) westem parts of Lake Okeechobee, Glades and 
Hendry Counties, extending along the westem shore to the east of the 
levee systeffl and the undiked high ground at Flsheeting Creek, and from 
the Hurricane Sate at Clewlston northward to the mouth of the Kisslnnee 
River, including a l l the Eleocnarls f l a ts of Moonshine Bay, Monkey Box, 
and Observation Shoal, but exciuamg the open watar north and west of the 
northern t i p of Observation Shoal, north of Monkey Sox, and east 
of Fisheating Bay; (5) Loxahatehee National Wi ld l i fe Refugt (Central 
and Southem Florida Flood Control D i s t r i c t Watar Conservation Area 1) . 
Palm Beach County, including Refuge Management Coopartnents A, 8, C, 
and 0, «nd a l l of the main port ion of t h t Refuge as bounded by Levees 
L-7, L-39, and L-40; (6) Central and Southem Florida Flood Control 
D is t r i c t Hater Conservation Area 2A, Pain Beach and Broward Counties, 
as bounded by Levees L-6, L-35B, L-36-, L-38, and L-39; (7) Central and 
Southem Florida Flood Control D i s t r i c t Water Conservation Area 2B, 
Broward County, as bounded by Levees L-35, L-3SB, L-36, and L-3d; (8) 
Central and Southem Flor ida Flood Control D i s t r i c t Water Conservation 
Area 3A, Broward and Oad« Counties,as bounded by Florida Highway 84, 
Levees L-6aA, L-67A (north o f Miami Canal), L-67C (south of Miami Canal), 
L-29, and L-28, and a l i no along tho undiked northwestem port ion of the 
Area; (9) that portion of Cvorglados National Park, Dado County, wi th in 
th t following boundary: btglnning a t t h t point whtr t t h t Park boundary 
meets Florida Highway 94 i n T54S RaSE Sec. 20, th tnct eastward and 
southwest along th t Park boundary to t h t southwtst c o m t r o f Ste. 31 
In T57S R37H, thtnct southMtstkArd along a s t ra ight l i n t to t h t south­
west comer of See. 2 i n T58S R35E, th tnct wtstward along t h t south 
sides of Sec. 3, 4 , 5, and 6 In T58S R35E to t h t Oadt-Monrot county 
l i n e , thenco northward along t h t Oadt-Monrot county l i n t to t h t Park 
boundary, thtnct eastward and northward along th t Park boundary to the 
point of beginning. 

(over) 



.^ORIDA - Cricical Habicac 

Peroinvscus ooLionocus crissvlleosis, "Perdido Kev beach mouse" 

.\reas of land, vacer, and airspace in Escambia Councy vich che following 
componencs (Tallahassee Meridian): (1) chac porcion of che Perdido Key 
Scace Preserve souch of SCace Road 292 in T3S R32W Sec. 32-33 and T4S k32W 
Sec. 5; (2) those porcions of Perdido Key In T3S R31W Sec. 25-26 and Sec. 
23-34, and in T3S R32W E 1/2 Sec. 36, and W 1/2 Sec. 36 souch of che encrance 
road, parking loc, and Johnson Beach recreacional facilicies ac the Gulf 
Islands Nacional Seashore. 

Vi'tchin chese areas the major consticuent elements chac are known to 
require special nanagemenc considerations or protection are dunes and 
interdunal areas, and associated grasses and shrubs chat provide food 
and cover. 

file:///reas
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FDSBZDA - Cr i t i ca l Habitat 

Annoapiza maritina ip-i T-«H< H «, "Cape Sable sparrow' 

Florida. Areas of land, water,and airspace in the Taylor Slough v i c i n i t y 
of Co l l ie r , Dade, and Monroe counties, wi th the fol lowing components 
(Tallahassee Meridian): Those portions of Everglades National Park w i th in 
T57S R36E,T57S R36Jj£, T57S R37E, T58S R35E, TSSS R36E, T58S R37E. T58HS 
R3SE, T58i»S RSSirf. TS9S R3SE, T59S R36E, T59S R37E. Areasoutslde of Ever­
glades National Park within TSSS R37C Sec. 36; TSSS R38E Sec. 31 , 32; T56S 
R37E Sec. 1. 2, 11-14, 23-26; T56S RSSE Sec. 5-7, 18, 19; T57S R37E Sec. 5-8, 
T58S R38E Sec. 27, 29-32; T59S R38E Sec. 4. 
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FtmzDA - Critical Habitat 

Aimogpiza maritina niareeeena^ "dusky Trwieirfa sparzow" 

Florida. Cordgrass (Soartina bakerii) savannas and associated land, 
water, and airspace within the following boundary, Brevard County: 
Beginning at the oolnt where Florida Highway 528 Intersects Interstate 
Highway 95; thence westward along Florida Highways 528 and 520 to the 
main channel of the St. Johns River; thtnct northward along said channti 
to Florida Highway 46; thence eastward along Florida Highway 46 to 
Interstate Highway 95; thence southward along Interstate Highway 95 
to the point of beginning. Marshes and associated airspact within tht 
mosquito control impoundntnts designated by the Brevard County Mosquito 
Control District as T-IO-J and T-IO-K, northwest of Florida Highway 406 
on the Merritt Island NationaJ Wildlife Rtfugt, Brevard County. 

(over) 
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TSSMESSEE - C t i t i ca l Habitat 

Lnyrhunci, "^Tackweter 

Vtayne County. All peznenent and in tenmt ten t streams with flowing Mater 
fxoB nwTetnhier to June tr ibutary to Cypress and Middle Cypress Creek 
draiflage. 

Cooity, RiTffalo Fiver and i t s m 
COUBtYi 

Hohenwald T E N N E S S E E 

(over) 



SLACKWATER DARTER 

Uaderdaie Co., ALABAMA and Wayne Co., TENNESSEE 

CRITICAL HABITAT 

^ t T B O C o . 

LaoderdaJe. 
TENNESSEE 
ALABAMA" 

Floren 
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1S21MESSS - Oritical Habitat 

HvboDsis c:ahni, "slender chub" 

Claiborne and Hancock Counties. Powell River* main channel £rcn backueters 
of Nozris Lake upstrem to the Tennessee Virginia state line. Clinch River, 
nain channel froa hackwaters of Norxis lake upstrean to the 
Virginia state line. 
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TZ291ESSBB - Critical Habitat 

Hvfaocsis ncnacha, "spotfln ctaib" 

Cucfeerlflnd, Fentress, and Morgan Counties. Hca ry and Obed Rivers and Clear 
and Daddy's Creek in Morgan County. Clear Qreek in Fentress County. Cbed 
River upstream to U.S. Interstate Highway 40, Clear Creek upstream to 
U.S. interstate Higfauey 40 and Daddy's Cieek upstream to U.S. Highuey 127 
in CuEberland County. 

Haiddns and Sullivan Qounties. North Fszk Bolsboi, main channel upstream 
from junction %dth South Pssjc Holston River to the lOnnessee-Virgiiiia 
scats line. 

SOUTH 
nOI^TON LAKE 

(over) 



SPOTFIN CHUB 

Cumberiaad, Fentrcaa aad Morgan Cooaties, TENNESSEE 

CRITICAL HABITAT 

Fenires. Co. i T E N N E S S E E 
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NUS CORPORA TION AND SUBSIDIARIES ~ ^EFml^F^W^^^ ^ ^ ELECONNOTE 

CONTROL NO. F4-8909-62 DATE: 9-16-91 TIME: 1300 

DISTRIBUTION: 

BETWEEN: Walt Williams 
(Superintendent) 

OF: City of LaGrange Water 
Department 

PHONE: (404)883-2130 

AND: John Jenkins, HALLIBURTON NUS Environmental Corporation 

i'>H'>' 
DISCUSSION: 

I called Mr. Williams and asked him where their intake is located. He stated it was northwest of town north of the 
confluence of Yellowjacket Creek and the Chattahoochee River on the eastern side of Simpson Island. This intake 
is the sole water source for LaGrange and serves approximately 14,000 connections. The water distribution lines 
for this system do not go north of Beech Creek. There is an industrial intake (used for an emergency backup 
supply) approximately 1500 feet upstream ofthe LaGrange Intake. This intake is owned by Miliken. 

He also confirmed that the Chattahoochee River is utilized for both recreational boating and fishing. 

NUS 067 REVISED 0685 



NUS CORPORATION AND SUBSIL RREPeREMCE 19 TELECON NOTE 

CONTROL NO. F4-8909-62 DATE: 9-9-91 TIME: 1440 

DISTRIBUTION: 

BETWEEN: Tammy Barr OF: City of Franklin Water 
Department 

PHONE: (404)675-3358 

AND: John Jenkins, HALLIBURTON NUS Environmental Corporation 

Ahi^^hl 

DISCUSSION: 

Ms. Barr stated that their only intake is on Centralhatchee Creek (not along pathway). She stated that the first 
intake used for potable (municipal) water downstream of Atlanta is for the city of LaGrange. There are no systems 
in Heard County that utilize the Chattahoochee River for potable water. She also stated that the Chattahoochee 
River is used for recreational boating and fishing. 

fJUS 067 REVISED 0685 
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APALACHICOLA RIVER BASEN J 

2 - 3 3 8 0 . Cha t t ahoochee R i v e r n e a r U h l t e s b u r g , Ga. 

LOCATION.—Lat 33°28*37" , long 8 4 * 5 4 ' 0 4 " , C a r r o l l County , a t downat rean end of r i g h t bank p i e r of b r i d g e on S t a t e Highway 16, 0 . 5 m i l e u p a t r e a n f r o a 
C e n t r a l of Georg i a R a i l r o a d b r i d g e , 1.2 n t l lea s o u t h e a s t of U h l t e s b u r g , 1.5 m i l e s d o t m s t r e a a f r o a Cedar C r e e k , 2 . 0 m i l e s d o m s t r e a m f r c o Soaka C r a a k , 
and a t m i l e 260. 

DRAINAGE AREA.—2,i30 aq mi , flpproaioately. 

AVERAGE DISCHARGE.—3,843 c f s , u n a d j u s t e d . 

REMARKS.—Flow r e g u l a t e d by Lake S idney L a n i e r s i n c e J a n u a r y 1956. 

DURATION TABLE OF DAILY DISCHARGE FOR YEAR ENDING SEPTQIBER 30 

CLASS n 1 d J •• b It 7 X 9 10 11 l<f 13 W 15 i b W l a I'v ?0 l \ 2 2 ? 3 ?<• 2S 26 27 2 8 2 9 30 31 32 3 3 34 

YEAR 
1939 
1940 

1941 
1942 
1943 
1344 
J94S 

19-^ 
194 7 
194'* 
1949 
1950 

195 1 
1952 
1953 
196*1 
1967 
196" 
1969 

NUMrJEH OF. DAYS IN CLASS 
5 21 11 11 )0 25 24 20 22 15 4b 25 24 ?(i 13 10 12 7 8 

10 37 42 25 25 13 34 2o 11 44 15 15 13 6 5 2 4 8 

6 16 37 13 21 37 46 34 ^6 26 27 7 10 11 2 4 4 1 1 
3 13 11 H 13 20 52 21 1.1 l i t 26 20 18 13 9 12 9 5 3 

7 5 23 40 9 33 20 44 27 49 2b 20 11 17 2 4 
1 2 16 49 ?0 23 25 13 22 15 21 12 20 10 16 5 12 
4 27 13 17 ,>9 32 31 :i:i 26 2- 27 17 13 7 a 5 4 

4 19 bJ 30 6/ 3u 24 I 3 21 I 7 9 10 8 
19 15 53 13 lu 13 38 36 2b 19 19 10 11 

1 1 
b 6 

5 7 Sb 1« 4j 16 34 25 23 2? 27 11 14 5 8 
1 10 41 35 5v 35 42 9 26 17 14 13 29 11 8 

3 lb 19 63 32 47 29 40 25 21 24 20 9 5 
3 7 7 5 20 2/ 32 22 64 40 38 25 29 22 10 
5 10 22 25 54 38 70 25 26 22 19 13 14 5 3 

19 32 29 lo 19 2u 25 17 •) 21 34 25 25 14 15 9 7 
13 16 30 5b 27 26 28 29 20 24 18 13 10 6 2 3 2 "-?• 
2 6 16 18 18 4V 42 40 23 30 22 15 10 10 7 6 4 8 

16 13 2 10 3-> 29 2? 41 ,.9 33 26 13 1 4 1 2 15 
1 20 Zi, iH 43 62 57 44 30 18 8 9 2 1 4 3 

5 7 
-2- 1 
13 3 

2 
2 5 
1 3 

2 

3 
1 2 
2 1 

4 3 
1 1 
I 
2 1 

CFS_0»rS-, 
1258650.0 
994520.0 

790600.0 
1110742.0 
1555560.0 
1433020.0 
1111650.0 

2071530.0 
1181860.0 
1594490.0 
2270670.0 
1309670.0 

967673.0 
1526245.0 
1314250.0 
1493370.0 
1525380.0 
1793420.0 
1370550.0 

CLASS CFS 
0 
1 
2 
3 
4 
5 
6 
7 
8 

0.00 
468.00 
540.00 
620.00 
710.00 
810.00 
940,OU 
1100.00 
1200.00 

CLASS CFS 
9 

1(1 
1 1 
12 
13 
14 
15 
16 
17 

|4riil.O0 
1500 
1900 
2100 
2500 
2800 
33110 
3f00 
4300 

OU 
Ol 
01 
0 
0 
0 
I 

( 

CLASS CFS 
18 4900 
19 5700 
20 6500 
21 7500 
22 8600 
23 9800 
24 11000 
25 13000 
26 15000 

0 
0 
0 
0 
0 
0 
0 
0 
0 

CLASS 
27 
28 
29 
30 
31 
32 
33 
34 

CFS 
17000 
20000 
23000 
26000 
30000 
34000 
39000 
45000 

LOKEST MEAN DISCHARGEt IN CFS. ANO UANKlN&i FUR THE F0LL0»tN6 NUMBEk OF CONSECUTIVE DAYS IN YEAH ENDING MABCH 31 

YEAR 
1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1966 
1967 
1968 
1969 

YEAB 
1939 
1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1966 
1967 
1968 
1969 

1 
880.00 

920.00 
468.00 
1060.00 
1110.00 
1060.00 

1060.00 
1170.00 
670.00 
1410.00 
2260.00 

1350.00 
600.00 
890.00 
890.00 

1510.00 
1390.00 
1510.00 
1230.00 

4 

7 
1 
8 
11 
9 

10 
12 
3 
16 
19 

14 
2 
5 
6 
17 
15 
18 
13 

3 
913.00 

92U.00 
4O3.00 

1110.00 
1140.00 
1090.00 

1070.00 

12un.oo 
685.00 
1410.00 
2260.00 

1400.00 
605.00 
890.00 
890.0 0 

1660.00 
1430.00 
1900.00 
1610.00 

HIGHEST MEAN OISCHAWGE 

1 
20400.0 
19800.0 

10500.0 
30500.0 
27300.0 
26000.0 
18700.0 

57500.0 
33000.0 
23500.0 
45100.0 
13500.0 

12400.0 
31200.0 
21000.0 
27400.0 
23600.0 
18900.0 
27400.0 

13 
14 

19 
5 
8 
9 
16 

1 
3 

11 
2 
17 

18 
4 
12 
6 
10 
15 
7 

6 

7 
1 

10 
11 
9 

8 
12 
3 

14 
19 

13 
2 
4 
5 

17 
15 
18 
16 

. IN 

3 
19700.0 12 
18000.0 14 

10200. 
26800 
26300 
24800. 
16100. 

44900. 
31100. 
22000. 
40900. 
12500. 

10100. 
27800. 
20300 
22800 
18800 
15700. 
21800. 

0 18 
0 5 
0 6 
0 7 
0 15 

0 1 
0 3 
0 9 
0 2 
0 17 

0 19 
0 4 
0 11 
0 8 
0 13 
0 16 
0 10 

7 
936.00 

956.00 
498.00 

1210.00 
1150.00 
1110.00 

1160.00 
12R0.0U 
702.00 

14PO.0O 
2350.00 

1470.00 
608.00 
911.00 
940.00 
1820.00 
2010.00 
2040.00 
1800.00 

5 

7 
1 

11 
9 
8 

10 
12 
3 

14 
19 

13 
2 
4 
6 

16 
17 
18 
15 

14 
943.00 4 

970.00 5 
513.00 1 
1380.00 11 
1290.00 10 
1110.UO 7 

1190.00 9 
1430.00 12 
/2a.00 -3 

1500.00 13 
2480.00 19 

1300.00 14 
650.00 2 
1020.00 6 
1120.00 a 
1920.00 16 
2060.00 17 
2140.00 18 
1900.00 lb 

30 
1000.00 5 

997 
537 
1630 
1480 
1 130 

1590 
1490 
905 
1550 
2590 

1670 
736 

1060 
1170 
20 10 
2280 
3130 
2070 

.00 A 

.00 1 

.00 13 

.00 9 

.00 7 

.00 12 

.00 10 

.00 3 

.00 11 

.00 IB 

.00 14 

.00 2 

.00 6 

.00 8 

.00 15 

.00 17 

.00 19 

.00 16 

60 
1050.00 3 

"1220 
678 
1860 
1650 
1270 

2010 
1580 
1060 
1810 
3060 

2200 
1030 
1120 
1340 
2080 
2460 
3300 
2530 

.00 6' 

.00 1 

.00 12 

.00 10 

.00 7 

.00 13 

.00 9 

.00 4 

.00 11 

.00 18 

.00 15 

.00 2 

.00 5 

.00 8 

.00 14 

.00 16 

.00 19 

.00 17 

90 
1140.00 

1380.00 
794.00 

2060.00 
1600.00 
1370.00 

2280.00 
1680.00 
1240.00 
22S0.00 
3080.00 

2270.00 
1160.00 
1250.00 
1490.00 
2100.00 
2590.00 
3750.00 
2640.00 

2 

7 
1 

11 
9 
6 

IS 
10 
4 
13 
18 

14 
3 
5 
8 
12 
16 
19 
17 

120 
1230.00 

1710.00 
1060.00 
2200.00 
1690.00 
1480.00 

2310.00 
1710.00 
1360.00 
2900.00 
3230.00 

2300.00 
1300.00 
1460.00 
1540.00 
2340.00 
2630.00 
4130.00 
2800.00 

2 

10 
1 

II 
8 
6 

13 
9 
4 
17 
18 

12 
3 
5 
7 

14 
15 
19 
16 

183 
1820.00 

1970.00 
1590.00 
2220.00 
2140,00 
1730.00 

2420.00 
1960.00 
1900.00 
3300.00 
3610.00 

2570,00 
1590,00 
1710,00 
2000,00 
2490.00 
2820.00 
4740.00 
2990.00 

s 

s 
1 

I I 
10 
4 

12 
7 
6 
17 
18 

14 
2 
3 
9 

13 
IS 
19 
16 

:UB*>aif i . . : . 
ZSZOSOO -'3 

2610'.0« 
2750.00 
3760,00 
39*0.00 
3280.00 

5270.00 
3940.00 
3580.00 
5520.00 
4710.00 

3070.00 
4010.00 
3410.00 
3610.00 
4030.00 
3750.00 
5280.00 
3580.00 

CFS. ANO RANKING. FJH THE FOLLO»ING NUMBEH OF CONSECUTIVE DAYS IN YEAR ENOING SEPTEMBER 30 

14300 
12100 

7260 
18100 
18600 
17300 
10600 

30800 
23200 
17400 
32100 
8620 

7690 
20900 
15900 
17600 
14700 
11800 
ISBOO 

7 
.0 
.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

15 
13 10200.0 
14 6780.0 

19 6350.0 
6 12200.0 
5 12100.0 
9 14100.0 
16 7730.0 

2 20400.0 
3 13700.0 
8 12500.0 
1 2030U.0 

17 6740.0 

IB 6300.0 
4 17300.0 
10 10000.0 
7 11600.0 

12 10500.0 
15 10100.0 
11 11000.0 

12 
16 

18 
7 
8 
•4 

15 

1 
5 
6 
2 
17 

19 
3 
14 
9 

11 
13 
10 

30 
9700.0 
5120.0 

4520.0 
8960.0 
8650.0 
1200.0 
6250.0 

4900.0 
8810.0 
9290.0 
2700.0 
5590.0 

5760.0 
4700.0 
7410.0 
0600.0 
e280.0 
8880.0 
8840.0 

6 
18 

19 
6 
12 
4 
IS 

60 
7640.0 
4470.0 

3250.0 
7270.0 
7610.0 
9580.0 
5020.0 

1 12500.0 
11 7060.0 
7 8920.0 
3 10500.0 

17 5040.0 

16 
2 
14 
5 
13 
9 

10 

5010.0 
9980.0 
7070.0 
8080.0 
6250.0 
7910.0 
6850.0 

90 
8 6530.0 

18 4190.0 

19 2830 
10 5790 
9 7270 
4 9030 
16 5080 

1 11700 
12 6250 
5 7560 
2 9580 
IS 4690 

17 4380 
3 8380 

11 6390 
5 7230 
14 5800 
7 6960 

13 5730 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
0 
0 
.0 

.0 

.0 

.0 

.0 

.0 
0 
.0 

9 
IB 

19 
13 
6 
3 

15 

1 
11 
5 
2 
16 

17 
4 
10 
7 
12 
8 
14 

12C 
5780 
3920 

2860. 
5110. 
7130. 
7710. 
4620. 

10900. 
5790. 
6530. 
8740. 
4430. 

3940. 
8030. 
6200. 
7000. 
5500. 
6600. 
5220. 

0 11 
0 18 

0 19 
0 14 
0 5 
0 4 
0 15 

0 1 
0 10 
0 8 
0 2 
0 16 

0 17 
0 3 
0 9 
0 6 
0 12 
0 7 
0 13 

183 
4890.0 
3560.0 

2510.0 
4340.0 
5970.0 
6130.0 
3950.0 

8930.0 
4850.0 
5950.0 
8060.0 
4160.0 

3410.0 
6570.0 
5220.0 
5720.0 
4740.0 
6170.0 
4500.0 

10 
17 

19 
14 
6 
5 

16 

1 
11 
7 
2 
15 

18 
3 
9 
8 

12 
4 

13 

ANNUAL 
3450.0 
2720.0 

2170.0 
3040.0 
4260.0 
3920.0 
3050.0 

5680.0 
3240.0 
4360.0 
6220.0 
3590.0 

2650.0 
4170.0 
3600.0 
4090.0 
4180.0 
4900.0 
3750.0 

'̂1 
2 
II 
12 
S 

17 
13 
8 

19 
16 

4 
I* 
6 
9 

15 
10 
18 
7 

13 
17 

19 
16 
5 
9 

IS 

2 
14 
4 
1 

12 

18 
7 

11 
8 
6 
3 

10 



No city found press RETURN to try again. ReP666NCE 22 

COVERAGE 

STATE COUNTY STATE NAME 

13 
13 
13 

45 
77 
149 

Georgia 
Georgia 
Georgia 

CENTER POINT AT STATE 
COUNTY : 

Press RETURN key to continue. 

13 Georgia 
45 Carroll Co 

COUNTY NAME 

Carroll Co 
Coweta Co 
Heard Co 

REGION OF THE COUNTRY 

Zipcode found: 30170 at a distance of 10.5 Km 

STATE CITY NAME FIPSCODE LATITUDE LONGITUDE 

GA ROOPVILLE 13045 33.4533 85.1350 

Press RETURN key to continue ... 

CENSUS DATA 

ga power plant wansley 
LATITUDE 33:24:48 LONGITUDE 85: 1:57 1980 POPULATION 

KM 0. 

S 1 
S 2 
S 3 
S 4 
S 5 
S 6 
S 7 
s a 

RING 
TOTALS 

00- .400 

0 
0 
0 
0 
0 
0 
0 
0 

0 
/ 

.400- .810 

0 
0 
0 
0 
0 
0 
0 
0 

0 

-
.810-1. 

.' 

60 1. 

0 
0 
0 
0 
0 
0 
0 
0 

0 

60-3 .20 

0 
0 
0 
0 
0 
0 
0 
0 

0 
-7 

3.20-4 ,80 

0 
0 
0 
0 
0 
0 
0 
0 

0 

4.80--6.40 

0 
0 
0 
0 
0 

860 
0 

1355 

2215 

SECTOR 
TOTALS 

0 
0 
0 
0 
0 

860 
0 

1355 

2215 

Press RETURN key to continue 
i'iO 



STAR STATION 

INDEX 
NUMBER 

13874 
13871 
03813 
13876 
13873 
13895 
13882 

STATION NAME 

ATLANTA GA 
ANNISTON/CALHOUN AL 
MACON/LEWIS B WILSON 
BIRMINGHAM AL 
ATHENS/BEN EPPS GA 
MONTGOMERY/DANNELLY 
CHATTANOOGA/LOVELL T 

Press RETURN key to continue 

LATITUDE 
DEGREE 

33.6500 
33.5833 
32.7000 
33.5667 
33.9500 
32.3000 
35.0333 

LONGITUDE 
DEGREE 

PERIOD OF STABILITY DISTANCE 
RECORD CLASSES (km) 

84.4333 
85.8500 
83.6500 
86.7500 
83.3167 
86.4000 
85.2000 

6 61.41 
6 78.05 
6151.17 
6160.04 
5169.45 
6177.72 
6180.63 

U.S. SOIL DATA 

STATE GEORIGA 

LATITUDE : 33:24:48 LONGITUDE : 85: 1:57 
THE STATION IS INSIDE H.U. 3130002 

GROUND WATER ZONE 
RUNOFF SOIL TYPE 
EROSION 
DEPTH TO GROUND WATER BETWEEN 
FIELD CAPACITY FOR TOP SOIL 
EFFECTIVE POROSITY BETWEEN 
SEEPAGE TO GROUNDWATER BETWEEN 
DISTANCE TO DRINKING WELL 

Press RETURN key to continue .. 

8 
2 

7.7190E-04 
9.1440E+02 
7.2000E-02 
l.OOOOE-02 
4.6330E+02 
2.6000E+04 

AND 

AND 
AND 

4.5720E+03 

l.OOOOE-01 
9.2660E+02 

CM/MONTH 

CM/MONTH 
CM 

U.S. CITY 

MENU: Geodata Handling Data List procedures 

1. Site level retrieval of data 
2. Access Census Data 
3. Determine County Coverage 
4. Geographic Data Management 
5. HUCODE/SOIL locator 
6. Convert to Lat/Long 
7. Lookup/Examine Star Station Data 
8. Find US cities 
9. Find Soil Survey Status of Counties 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> h 

(SITERET) 
(CENSUS) 
(COVERAGE) 
(GEODM) 
(HUCODE) 
(LATLON) 
(STAR) 
(USCITY) 
(SSURVEY) 



Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> e(help 
[ERR-011] Invalid input values or string 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> (help) 
[ERR-011] Invalid input values or string 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> ( 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> (HELP) 
[ERR-011] Invalid input values or string 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> 556 
[ERR-012] Invalid option number input 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> 

Enter an option number or a procedure name (in parentheses) 
or a command: HELP, HELP option, BACK, CLEAR, EXIT, TUTOR 
GEMS> EXIT 

Type YES to confirm the EXIT command; type NO to restart GEMS 
GEMS> YES 
$ 
$ LOGOUT 
WRT logged out at 23-AUG-1991 13:01:48.09 
Itemized resource charges, for this session, follow: 

NODE: VAXTMl 
ACCT: NTIS 
PROJ: NTISNUCN 
USER: WRT 
UIC: [000750,000112] 
BAUD: 

START TIME: 
FINISH TIME: 
BILLING PERIOD:910801 
WEEKDAY: FRIDAY 
TERMINAL PORT: VTA83 3 

23-AUG-1991 12:58:00.23 
23-AUG-1991 13:01:48.09 

DESCRIPTION OF CHARGE QUANTITY EXPENDITURE 

ALL CHARGE LEVELS 
300 baud 
CPU TIME 

(Seconds) 
(Seconds) 

228 
8 

TOTAL FOR THIS SESSION $ 

** Note: This total reflects the charges for this process only. 

0.0000 
0.4444 

0.4444 



•r 

r ... 
subprocesses created during this session are accounted for 
separately 

Enter selection:PRINT 

Connected. 



GEORGIA DEPARTMENT OF NATURAL RESOURCES 

Freshwater Wetlands & Heritage Inventory 

Database - July, 1990 

For HEARD COUNTY 

Scientific Name; 

Conmon Name 

NOTROPIS CALLITAENIA 

BLUESTRIPE SHINER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

HELIANTHUS LONGIFOLIUS 

LONGLEAF SUNFLOWER 

WALDSTEINIA LOBATA 

PIEDMONT BARREN STRAWBERRY 

WALDSTEINIA LOBATA 

PIEDMONT BARREN STRAWBERRY 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

Last 

Observed 

1959-07-30 

1985-08-31 

1985-08-31 

1985-08-31 

1985-08-31 

1985-08-31 

1988-09-17 

1990-01-13 

1990-01-13 

1986-03-14 

Precision 

G 

S 

SC 

SC 

S 

SC 

SC 

SC 

SC 

SC 

Global 

Rank 

G2 

G? 

G? 

G? 

G? 

G? 

G? 

G2? 

G2? 

G2 

State 

Rank 

SI 

SI 

SI 

SI 

SI 

SI 

S2 

S2 

S2 

S2 

County; 

Quad 

GAHEAR 

FRANKLIN 

GAHEAR 

GLENN 

GAHEAR 

FROLONA 

GAHEAR 

GLENN 

GAHEAR 

FROLONA 

GAHEAR 

FROLONA 

GAHEAR 

GLENN 

GAHEAR 

FROLONA 

GAHEAR 

FROLONA 

GAHEAR 

GLENN 

7̂  
m 
•n 
m 
73 
m 
z o 
m 
ro 
CO 

- 1 -



GEORGIA DEPARTMENT OF NATURAL RESOURCES 

Freshwater Wetlands & Heritage Inventory 

Database - July, 1990 

For HEARD COUNTY 

Scientific Name; 

Conmon Name 

Last 

Observed 

1990-01-13 

1979-12-07 

1984-05-17 

1979-11-29 

1979-12-07 

1980-00-00 

1990-01-13 

Precision 

SC 

M 

S 

SC 

SC 

M 

SC 

Global State County; 

R a n k R a n k Q u a d 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

AMPHIANTHUS PUSILLUS 

POOL SPRITE,SNORKELWORT 

ISOETES MELANOSPORA 

BLACK-SPORED QUILLWORT 

ISOETES MELANOSPORA 

BLACK-SPORED QUILLWORT 

G2 

G2 

G2 

G2 

G2 

GI 

GI 

S2 

S2 

S2 

S2 

S2 

SI 

SI 

GAHEAR 

GLENN,FROLONA 

GAHEAR 

GLENN 

GAHEAR 

FROLONA 

GAHEAR 

FROLONA 

GAHEAR 

FROLONA 

GAHEAR 

GLENN 

GAHEAR 

GLENN 



GEORGIA DEPARTMENT OF NATURAL RESOURCES 
Freshwater Wetlands & Heritage Inventory 

Georgia's Protected Animals 
(Edition of July 3, 1990) 

Federal State 

Scientific Name (Conmon Name) Status Status 

Acipenser brevirostrum (Shortnose Sturgeon) E E 

Alligator mississippiensis (American Alligator) T 

Balaena glacialis (Black Right Whale) E E 

Balaenoptera borealis (Sei Whale) E 

Balaenoptera physalus (Finback Whale) E 

Campephilus principalis (Ivory-bi Ued Woodpecker) E E 

Canis rufus (Red Wolf) E 

Caretta caretta (Loggerhead Sea Turtle) T 

Charadrius melodus (Piping Plover) T 

Chelonia mydas (Green Turtle) T 

Dendroica kirtlandii (Kirtland's Warbler) E E 

Dermochelys coriacea (Leatherback Turtle) E E 

Drymarchon corais couperi (Eastern Indigo Snake) T T 

Eretmochelys imbricata (HawksbilL Turtle) E E 

Falco pereqrinus anatum (American Peregrine Falcon) E E 

Falco peregrinus tundrius (Arctic Peregrine Falcon) T 

Felis concolor coryi (Florica Panther) E 

Felis concolor cougar (Eastern cougar) E E 

Geomys pi net is fontenalus (Sherman's Pocket Gopher) E 

Haideotriton wallacei (Georgia's Blind Cave Salamander) U 

Haliaeetus leucocephalus (Southern Bald Eagle) E E 

Hybopsis monacha (Spotfin Chub) T 

Lepidochelys kempi (Atlantic Ridley Turtle) E E 

Megaptera novaeangliae (Humpback Whale) E E 

Mycteria americana (Wood Stork) E 

Myotis grisescens (Gray Bat) E E 

Hyotis sodalis (Indiana Bat) E E 

Noturus flavipinnis (Yellowfin Madtom) T 

Pelecanus occidental is (Eastern Brown Pelican) E 

Percina antesella (Amber Darter) E 

Percina jenkinsi (Conasauga Logperch) E 

Percina tanasi (Snail Darter) T 

Physeter macrocephalus (Sperm Whale) E 

Picoides borealis (Red-cockaded Woodpecker) E E 

Trichechus manatus (West Indian Manatee) E E 

TyphIichthys subterraneus (Southern Cave Fish) E 

Vermivora bachmanii (Bachman's Warbler) E E 



GEORGIA DEPARTMENT OF NATURAL RESOURCES 

Freshwater Wetlands & Heritage Inventory 

Georgia's Protected Plants 

(Edition of July 3, 1990) 

Scientific Name (Conmon Name) 

02/05/88 

/ / 

/ / 

04/26/78 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

02/05/88 

02/05/88 

09/09/88 

/ / 

/ / 

07/31/86 

/ / 

/ / 

/ / 

09/07/88 

/ / 

/ / 

02/25/86 

/ / 

/ / 

/ / 

09/28/88 

/ / 

/ / 

09/28/89 

04/13/90 

/ / 

Federal 

Status 

T 

E 

T 

E 

E 

E 

E 

T 

E 

E 

E 

T 

State 

Status 

E 

T 
T 
E 

E 

T 

T 

T 

T 

T 

T 
T 

T 

U 

U 

E 
T 

E 

E 

T 
T 

E 

E 

T 

E 

T 

E 

T 
E 

T 

T 

T 

E 

T 

E 

T 
T 

E 

Amphianthus pusillus (Pool Sprite,Snorkelwort) 

Arabis georgiana (Georgia Rockcress) 

Asplenium heteroresiliens (Wagner Spleenwort) 

Baptisia arachnifera (Hairy Rattleweed) 

Bumelia thornei (Buckthorn) 

Cacalia diversifolia (Variable-leaf Indian Plantain) 

Calamintha ashei (Ashe Savory) 

Carex ampIisquama (Sedge) 

Carex biltmoreana (Biltmore Sedge) 

Carex mi sera (Sedge) 

Carex purpurifera (Purple Sedge) 

Croomia pauciflora (Croomia) 

Cuscuta harperi (Harper Dodder) 

Cypripedium acaule (Pink Ladyslipper) 

Cypripedium calceolus (Yellow Ladyslipper) 

Draba aprica (Open-ground Whitlow-grass) 

Echinacea laevigata (Smooth Coneflower) 

Elliottia racemosa (Georgia Plume) 

Fimbristylis perpusilla (Harper Fimbristylis) 

Fothergilla gardenii (Dwarf Witch-alder) 

Hartwrightia floridana (Hartwrightia) 

Helonias bullata (Swamp Pink) 

Hydrastis canadensis (Golden Seal) 

Hymenocallis coronaria (Shoals Spiderlily) 

Isoetes melanospora (Black-spored Quillwort) 

Isoetes tegetiformans (Mat-forming Quillwort) 

Isotria medeoloides (Small Whorled Pogonia) 

Jeffersonia diphylla (Twinleaf) 

Leavenworthia exigua var exigua (Glade-cress) 

Lindera melissifolia (Pondberry) 

Lindernia saxicola (False Pimpernel) 

Litsea aestivalis (Pondspice) 

Lythrum curtissii (Curtiss Loosestrife) 

Marshal Iia mohrii (Mohr Barbara Buttons) 

Myriophyllum laxum (Piedmont Water-milfoil) 

Nestronia umbellula (Indian Olive) 

Oxypolis canbyi (Canby Dropwort) 

Panicum hirstii (Hirst Panic Grass) 

Physostegia veroniciformis (False-tooth Cinquefoil) 

Potentilla tridentata (Three-tooth Cinquefoil) 

Ptilimnium nodosum (Piedmont Bishop-weed,Harperella) 

Quercus oglethorpensis (Oglethorpe Oak) 

Rhododendron prunifolium (Plumleaf Azalea) 

Rhus michauxii (False Poison (Michaux) Sumac) 

Sagittaria secundifolia (Krai Water-plantain) 

Salix floridana (Florida WiI low) 



GEORGIA DEPARTMENT OF NATURAL RESOURCES 

Freshwater Wetlands & Heritage Inventory 

Georgia's Protected Plants 

(Edition of July 3, 1990) 

Scientific Name (Conmon Name) 
Federal 

Status 
State 

Status 
Sarracenia flava (Yellow Flytrap) / / 
Sarracenia leucophylla (Whitetop Pitcherplant) / / 
Sarracenia minor (Hooded Pitcherplant) / / 
Sarracenia oreophila (Green Pitcherplant) 09/21/79 
Sarracenia psittacina (Parrot Pitcherplant) / / 

Sarracenia purpurea (Purple Pitcherplant) / / 

Sarracenia rubra (Sweet Pitcherplant) / / 

Schisandra glabra (Bay Starvine) / / 

Schizachyrium niveum (Bluestem) / / 

Scutellaria montana (Large-flower Skullcap) 06/20/86 
Sedum pusillum (Granite Rock Stonecrop) / / 

Senecio millefolium (Piedmont Ragwort) / / 

Shortia galacifolia (Oconee-bells) / / 
Silene polypetala (Fringed Campion) / / 

Spiraea virginiana (Virginia Spirea) 06/15/90 
Thalictrum cooleyi (Cooley Meadowrue) 02/07/89 

Thalictrum debile (Southern Meadowrue) / / 

Torreya taxi folia (Florida Torreya) 01/23/84 
Trientalis borealis (Northern Starflower) / / 

Trillium persistens (Persistent Trillium) 04/26/78 

Trillium reliquum (Relict Trillium) 04/04/88 

Trillium woodii (Woods False Hellebore, Ozark Bunchflr. / / 

Viburnum bracteatum (Limerock Arrowwood) / / 

Waldsteinia lobata (Piednont Barren Strawberry) / / 
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pemeabllity of botton ash Is usually slightly higher. Boiler slag is higher 

still, having a pemeability comparable to that of fine gravel. 

Shear strength is an iaportant determinant of the shape and structural 

stability of wastes disposed in landfills; a strong material (i.e., one with 

high shear strength) can fom steep slopes and support heavy loads from above. 

Two indicators of shear strength are cohesion, a measure of the attraction 

between particles due to electrostatic forces, and the anyla of lnt:emal 

friction, an indicator of the friction between particles. Dry, nonalkaline 

ash ha's. no cohesion. Dry ash chat is alkaline demonscrates some cohesion and, 

when compacted, increases In strength over time. The angle of internal 

friction associated with ash varies with the degree of compaction, although it 

is similar to that for clean, graded sand. 

3.2.1.5 rhwirel Oiaraetaristlcs o£ Aah 

The chemical composition of ash is a function of the type of coal that: is 

burned, the extent to which the coal is prepared before it is burned, and the 

operating conditiona of the boiler. These factors are very plant* and 

coal-specific. 

In general, over 95 percent of ash is made up of silicon, aluainua, iron, 

and calciua in their oxide forms. Magnesium, potassium, sodiua, and titanium 

are also present to a lesser degree. Exhibit 3-5 shows the.concentration of 

these major elements typically found in fly ash, bottom ash, and boiler slag. 

Ash also contains many other elements in much smaller quantities. The 

types and proportions of these trace elements are highly variable and not 

4 
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EXHIBIT 3-5 

Log AHD HIGB CGRCEBlSAIIGnS OF IttJGK CBBQCAL 
COHSmUSfTS FOCHD Dl ASH GODBSAXED 

BY COAL'FTSED POVER PLAHTS 
( p a r t s p e r • i U i o a ) 

FlY Aah 

Altaninua 

Calcium 

Iron 

Magnasiua 

Potassiua 

Silicon 

Sodiua 

Titaniua 

Source: 

Loy 

11,500 

5,400 

7,800 

4,900 

1,534 

196,000 

1,180 

40O 

Hiyh 

144,000 

177,100 

289,000 

60,800 

34,700 

271,000 

20,300 

15,900 

LQV 

88,000 

8,400 

27,000 

4,500 

7,300 

180,000 

1,800 

3,300 

Hlsh 

135,000 

50,600 

203,000 

32,500 

15.800 

273,000 

13,100 

7,210 

--•^' ' 'Mf^!;X^ • 

Tftchntcal Stw 
sa the Disposal and UtiltzaCion of Fossil-Fuel Conbttselbn̂ ;; 
Bv-Produces. Appendix A, Subaitted to the U.S. Envttonaental 
Protection Agency, October 26. 1982, p. 31. 
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hy 

readily categorized. Concentrations for various trace eleaenta in coal ash 

are shown in Exhibit 3-6, which indicates the potential range of values and 

median concentration for such trace elements for coals froa different regions 

of the U.S. A summary of how the concentration of elements in ash varies 

according to coal source is shown in Exhibit 3-7. For example, Eastem and 

Midwestem coal ashes usually contain greater aaounts of arsenic, seleniua, 

chromixan, and vanadiua than do Western coal ashes, while Western coals have 

larger proportions of barium and stroncium. Coal mining and cleaning 

techniques can reduce the aaount of trace elements that are ultimately found 

in the ash after combustion. For example, in some cases, coal cleaning can 

remove more than half of the sulfur, arsenic, lead, manganese, mercury, and 

selenium that is contained in the coal prior to combustion. 

II­

II. 
II 

The proportions of elements contained in fly ash, bottom ash, and boiler 

slag can vary. Exhibit 3-8 provides ranges and median values for element 

concentrations in different types, of ash -- bottom ash and/or boiler slag, and 

fly ash. . The concentrations of eleaenta foraed in fly ash are shown for two 

types •• the larger particles reaoved froa the flue gaa by aeehanical 

collection and the saaller particles removed with an electrostatic 

precipitator or a baghouse (see Section 3.2.1.2 for more detail on methods of 

ash collection). For exaaple, much higher quantities of arsenic, copper, and 

seleniua are found in fly ash than are found in bottoa ash or boiler slag. 

The distribution of eleaenta among the different types of ash is largely 

determined by the firing temperature of the boiler relative to the coal's ash 

fusion teaperatxire, which in turn affects the proportions of volatile elements 

that end up in fly ash and bottoa ash. Some elements, such as sulfur, 

mercury, and chlorine, are almost completely volatilized and leave the boiler 
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0.044 

43 

121 

7 0 

0.39 

423 . 

U . O 

270 

<00 

Eaau 

1.3-129 

300-3789 

•1.9-1040 

0 10-14.3 

3.4-245 

4.9-69 

29-340 

0.40-320 

0.40-250 

58.7-769 

0.005-2.3 

1.4-100 

1.8-229 

0.13-19.0 

0.040-6.0 

•31-3855 

0-10-3.50 

11.9-340 

• 0 - 8 5 4 

Utdljo 

18 

2700 

311 

1.01 
45 

13 0 

'4 8 

30.1 

26 1 
194 

0.067 

12.0 

38.0 

• 1 

0.26 

2300 

1.06 
94 

'•cb Inc.. 

nnriitot-Ctirttia ChowtKiittti gf l/iilUT fcUtf \^nn . 
n W U-3234, s . p t 

r 1983. 
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EXHIBIT 3-7 

EFFECT OF GEOGRAPHIC COAL SOURCE (Mf ASH ELEKEST COHCENTRATIOH 

Arsenic 

Barium 

Cadmium 

Chromium 

Mercury 

Lead 

Selenium 

Strontium 

Vanadiua 

Zinc 

low in westem coal ash; eastem and aidwestem coal 
ashes indistinguishable 

highest in westem coal ash 

most concentrated in midwestem coal ash 

low in westem coal aah; eastem and midwestem coal 
ashes indistinguishable 

highest in eastem coal ash; all distributions highly 
skewed toward high concentrations 

highest in midwestem coal aah 

similar in eastem and midwestem coal ash; lower in 
westem coal ash 

greater in eastem than in midwestem coal ash; 
greater still in westem coal ash 

similar in eastem and aidweatem coal ash; lower in 
westem coal ash 

greater in eastem than in westem coal ash; greater 
still in aidwestem coal ash. 

Source: Tetra Tach, Inc.. Phvgleal-Chaaleiil Charaet:arlst:lea of Utllltv Solid 
Hai£U. EPRI EA-3236. September 1983, p. 3-30. 



D B D I T 9-0 

l U U B U U T i a B IB IBBB TTRS I 

t i l lai 
WatXem A«h/Boil«r S I — 

Elmaant 

S i lve r 

Axawi la 

•ocoft 

Baxlia 

C w l B l i a 

Cobalt 

ChrOBlia 

Fluocln* 

Hareury 

Haotanas* 

U o d 

S a l n l i a 

Stcoot lua 

Vutadlia 

ZlDO 

S . l - . 3 1 

. 9 0 - l M 

41.»-31> 

900-9709 

0 .1-4 .» 

7 .1 -M.4 

9.4-S30 

9.7-230 

a.»-104 

0.003-4.2 

30.7-789 

• . 4 - M . i 

.00-14 

170-1000 

U.S-977 

4.8-700 

0.20 

4 .43 

161 

1400 

0.04 

24 

120 

M . l 

30.0 

0.029 

2*7 

7.1 

0.001 

000 

141 

09.0 

H a c h a i l o ^ HoDMr Aab 

BODU 

0 .08 -4 .0 

3.3-160 

205-714 

32-1152 

0 .40-14 .9 

« . 2 2 - 7 ( . » 

03.3-30S 

42.0-326 

2 .30-03 .3 

0 .008-3.00 

123-430 

5.2-101 

0 .13-11 .0 

396-2430 

100-377 

36.7-215 

M t d l l 

0.70 

25.2 

258 

872 

4.27 

48.9 

172 

130 

41.0 

0.079 

191 

13.0 

3.32 

991 

231 

133 

ffnf f l » Art. 

BlDSl 

0.04-8.0 

2.3-279 

10.0-1300 

110-5400 

0.10-18.0 

4.90-79.0 

3.6-437 

33.0-349 

0.40-320 

0.005-2.50 

24.5-750 

3.10-252 

0.60-19.0 

30.0-3855 

11.9-570 

14.0-2100 

M p d l i 

0.501 

56.7 

971 

991 

1.60 

93.9 

196 

l i t 

29.0 

0.10 

230 

M . 5 

9.97 

773 

240 

210 

o 

Souce*: TaUa Tach. I n c . . Wnraieal-Ch—<H| a t r w t t r l l t i r i Vf V t l l l t T gfflH t f l t t t l t t U EA-3236. Sq>t«iOar 1903. p . 3-24. 




